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Geology of the Northern Part of the Osgood Hountains,

-

Fumboldt County, Nevada.
By Saruel Warren Hobbs

ABSTRACT

The Osgood Hountainsg, located in north central Nevada near ths
gsastern edge of Humbeldt Ccun*y, typical of the numerous fault-block
mountains of the Basin and Ranga province of tha western United States,
Athough smaller than most, the mountains are rugged and stand at alti-
tudss of betwssn 3,000 and h,ooo feat above thsz bread vallsy flats on

each side,

The range is dissacted by stesp-sided, V-shaped canyons and has
reached & stage of full maturity in its physiograrhic development. The
presence of headwater basins containing alluvium, and of topographic
" unconformities on the intarstream ridges sugrests at least two stages
-in thae erosicnal history of the muntains separated by renewed u;ﬂ.ii‘t
of the mountain block.

- The sedimentary rocks of the Gsrood Hount‘ins ars sepa.rated into
six groups, each of which contains ons or mare lithologic types and is
found in a block which is separated from the other blocks by faults,
Consequantly, the rolative age relationships are not known, bui it is
belisved that the oldsr rocks cccur at the south end and ths younger ones
toward the north. The oldest rocks, designated as Rock groups A and B
and tentatively called Cambrian, cmprise shala, limestons, and quartzite.
Rock group C is ccmposed of sandstons, chert,- and metavolcanic rock, and
intsrbedded hornfels and chert, Rock group D forms the core of tha range
and comprises argillacsous hornfels and marble, A coarss fanglomerate of
very distinctive characteristics is found in two localitiss and is be-
lieved to be equivalent to the fanglomarate in the Battle Mountain dis-
trict to the south, Rock group E, ths youngest sedimsntary group in the

overliocs the fanglomerate and comprises limestona, metavol-
canic rocis quartzite, and some intarbedded hornfels and chert Rock
groups C to s and the fanglomrate are congsidered, on meager fossil
svidence, to be upper Palecozoic,

Igmous rocks, aside from the mstavolcanic material described above
with the aedd.manta are of gseven types, The principal intrusive rock
is granodiorite which forms a double stock in the shaps of a crude
dumbbell., Associated with the grancdiorits are numerous dikes of dacits
porphyry, a few dikss of aplite, and a small amount of pegmatite.
Andesite dikes cut the sedimentary rocks and the granodiorits and are
conaidared to be somewhat younger than the dacite, aplite, and pegmatite,
as dikes and flows, is much younger and caps pordonsoftha
ta;l'.n rangs on the west side, Ons ‘small area of rhyolite tuff, the
" most recent ignacus rock, occurs at the sast foot of the rangs,



The structure of tho Osgood Yountains is deminated by the occurrencs
of structural blocks that are bounded by faults, The rocks within each
block are essentially monoclinal, and no major fold axes wers found,

An angular unconformity occurs a.t tha base of tha fanglomerate which is
also tiltad, thus indicating at leagt two periodas of major deformation,
The nunsrous faults in the area are divided into two groups: thoss formed
befors the inirusion of the granodiorits and those formed subsequent to
its intrusion., Pro-intrusive faults include beth steeply dipping faults
and thrust faults., Post-intrusivs faults ars mainly steeply dipping. The
principal ons follows the east foot of the rangs and is well exposed in
numarous mine workings.

Iguozas metamorphism, induced by the grancdiorite stock, has affecled
naarly all the rocks in the northern part of the ranga. It is described
under two main headings: thermal metamorphism end additive motamorchism,
Thermal metamorthism has changed the mudstone and shals into homfels
ths sandstone into quartzite, ths limestens into marble. Som2 mpure
lirestons hag bssn changad to tramolite rock or diopside hornfels, Addi-
tive metamorphisam is slizht in the argillacecus or quartzitic recks. In
tho limestones, however, it has had profound offects wheraver such rock
is in contact with the stock, Two sones of additive metamorphic rocks
are observad at limestone contacts: the light-silicats zone composed of
wollastcnite, diopside, and minor amounts of other silicatesy and tactite
or dark-s$licat: zone which is composed of garnet, amphibols, some sul-
fides, schealite, and mincr amounts of other minerals, The light-silicate
gona appears to fom early and for a groater distance out from the contact
than ths tactliis, It i1s rsplaced 4in part by the tactits which is formad
alightly later and is localized betwecn the lisht-silicete zone and the
igneons rock, Thz lates! effact of the additive metamorphism is the
introduction of silica along the contact botwean the tactite and the
granodiorite, locally the ignaocus rock 1s completely replaced by silica,

The restriction of most of tho additiva processes to contacts of
granodiorite and limestone 1s interpreted to result from a channsling
of solutions gilven off by the magma in its lats atagas of consolidation
through the zones now occuplad by tactits and light-colored silicates,
It appears that the first effects of ignsocus metamorphism on limestones
is to produce & pensral porosity in these rocks by means of ths develop-
mant of densas minerals, Such porosity affords a means of access for
csolutlons carrying ths material that was addsd to form the main volums
of tactiba. These sama solutions brought in achealite and, at a somewhat
later staga, introduced sulfidss into the contact zona,
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Locatlion and accasaibﬂity

Tha Osgood Hountains are located in north centrzl Nevada nsar the
eastern edze of Humboldt County. (See fig. 1.) The mountains extend -
northoast for a disbtance of about 25 miles from Colconda, the naarfest'.
settle@t; %innerucca, the nearest trading center and County Seat, is
but 18 miles west of Golconda.

The most dirsct access to the Osgood Mountains area is by way of
graveled roads which branch off from U. S, Highway Fo. LO near Colcorda
ard extend northward up the broad valleys which flank the range. One
road starts frcm U. 8. 40 about a mile east of Golconda and passes _
through the Numboldt River Canyon and thence northeast along t.he ea;t |
fool of the range past ths Junciion of the roads to Red House and
Kelley Crzok and teminatss at the Cetchell mine within 3 miles Nof the
nbﬁp end of the ranga. Accoss to the wost side is by dirt roads‘ north
from Golconda which lead into Edan Valley and connact, beyond the north
end of the rangs with roads fo];lmring the course of the Littls Humbaldt
River. A private road oﬁr the rangse, locally called the Bu_nrxg fi‘oad,
connects the Get«ghéll mina ﬁm Anderson Canyon and Eden Vallsy.
Kumerous side roads extend for short distances up many 01’ the créeks
and to mines and prospects,

The Western Pacific and Union Pacific railroads follow the valley
of the Hunboldt River across the south end of the Osgood Mountains area
and afford railhoads for the immediats region at Golconda and Red Houss,
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Caography
In many raapacts the Osgood Hountains are typical of the numarous
- mountain groups of the Basin and Rangs province of the central part of
the westsrn United States. Snallar than most, it nevertheless has
rugped relief and stands as an imposing range of mountains above the
flat reaches of the surrounding basin arcas, (Sos pls. 1 and 10, A.)
From its south end at the valloy of ths Humboldt River, the rangs
oxtends northsasterly for about 2l milss to its northern tormination,
whare it narrows and gradually plunges bensath ths broad alluvial flats
which bordor the Littls Bumboldt River. The width of thas s'r:mntain group
rangzs from lass thaﬁ a mils at its ends to a maximm of 7 miles about
two thirds of ths way north along its length, A group of semi~detached
hills, the Dry Hills, lying to the west of the main backbona of ths
mountains, ars included in the width of the mounteins at this point,
Tho highest point in the mountains, Adaz Peak, with an altituds of
8,678 fast, is located slightly sast of centor in this area of greatast
width and stands approximately 3,700 feet above the floors of tha basing
on sach side, Froa Adam Peak the rangs crest daclinés gradually to tha
north end. The south half of ths mcuntains has a gensral altituds of
about 6,000 fest, and the floor of the Humboldt River Vallaey approximataly
i,l00 feet, tharsby glving a gonsral relief of soxa 1,600 feot.

On the sast, the Osgood Nountains are bordered for most of thair
langth by the broad oxpanss of ths basin-lika valley of Fellay C:-eek.~
Tozard tha scuth the Kellay Creek Basin merges with tha broad easte
west valley of ths Humboldt River, At the south end of thae Osgood Moun—
tains, the Huzmboldt River is .constricted in a narrow canyon which
separates tha Csgood Mountains from ths EZdna Mountaing to ths southe

sast, At ths north end a serias of low hills axtand sastward from
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the Csgood Mountains into the basin and form a divide batween the drainage
which joins Kelley Cresk and flows .south parallel to tha ezst gids of the
mountains and the drainags into the Littls Humboldd to the north, On the
southwast, the Osgood Mountains ars bordered by the broad expanse of the
Fumboldt Vallay and its Junction with the lowar end of tha Paradiss
¥2lley. A narrox réentrant from this broad basin extends northeastward
up the lowsr reaches of Goughs Canyon and connccis over a low divide with
Eden Valley, which borders ihe west sids of the rangs toward the north,
Lower Coughs Canyon and Eden Valley scparate tha Osgood Ecuntains frea
ths sz211 Hot Springs Range, west of which is thae broad expanss of the
main Paradise Valley. The drainage from the wast slope of the Osgood Moun—
tains is split at about the latituds of Adam Poak butmoen that which
floed south down Gouchs Canyon and directly to the Humboldt River ,and
that whichk flows north through Eden Valley into the Littls Humboldt
River,

The climats of this part of Nevada 13 semiarid with 3 rainfall
of betwsen 10 and 15 inchas., The suzmsr months, fram June to Octoder,
ar: dry and hot with temparatum.sz fregquently balweon 90 and 100, but
the evenings and nights are cool and comfortable., Occasional surmer
ﬂximder stofm, scno of near-cloudburst proportlons, eross the range
along narrow courses. The winter months are cold with considarablas
snow in the higher parts and temperaturss which rangs down to sero and
balow, is a consequence of the gensrally low precipitation, ths vege-
tation is of the semiarid type, consisting largely of sags brush, rangs
grass, and other small dry-land plants., In the spring abundant wild
flowsrs cover the hilla, lLupin, arrow leaf, and indisn paintbrush are
espicially abundant, Trees ars restricted to a fow deciduous types,



principally alder, willow, coticnwc’d, and quaking aspen, all of which
grow only in the stream vallsys and in thas small basin~liks dopressiens
at the valley heads,

In spits of ths relatively low procipitation, many sz211 stroans
hava a year-round flow in the canyons, but all of this normal flow sinks

Lo the gravsl slope a short distance ocut from the meuntain front. At
timas of heavy rain or cloudbursi, waler runs in sheetiflocd across the
fan slopos and dewn tho lower courses of the streams, which lead out
across ths basin floors where thsy emply into the main drainage of Kellay
Creck, Eden Cresk, or CGoughs Canyon. A mﬁzbar of flowing springs cccur
throughout the range,

. The main industriss of the area center around mining and livestock,
The Cetchell mina, discoversd in 1934 and placed in production in 1938;
‘is the largest mining operaticn in the arca, (See pl. 10, B.) %hen in
full operation, it employs several ®undrsd men and mines and mills from
800-1,000 tons of low-grads gold ore per day. Other mining centers around
the contact-mztamorpnic tungsten daposits, Several of these are ownad and
were oparated during the war by thae Catcholl Yina Company, Only the Riley
tungsten mins, of the U. S, Vanadium Corporation, has operated since the
‘end of the war. Several smaller minos and prospects have been openad by
loczal peopls, but all these were dorzant in 1947.

Stock raising, both cattle and sheep, 1s a big industry, and much of -
the mountain and surrounding plains area affords grazing land for the
largo stock companics who control grazing rights aver much of tha area,
~ Small ranches n.ank the ranges near tho mouthsof the larger canyons whars
watsr for irrigaﬁon and domestic use is ;vailabla; Several of thess aro
sti11 controlled and occupied by homssteaders, but many now serve as stake

canps or summer camps for cattls companies,
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rorthern Osgood Mountains , tha author spent 3 1/2 months in the fiold dur-
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Previous work

The nucher of published reporis that deal with the geology of any
part of the Osgood Yountains 4s very few. Hess and Larsen (Z‘z.)a very
briefly studied the Osgood Eounta.ins' tungstaen deposits in the course
of their country—ride coverace of contact—mstamorphic tungsten daposits
in 1317-18, and in their conclusions state, "Careful, systematic sampling
and surfaca prospecting may disclose one or mors large bodics of low=
gradae scheelite ore in thae district®, i’c is interesting to nots that
neerly 30 years latar this prodiction came trus, when approximately
250,000 tons of ore containing an average of 0.53 percent of ¥0; was
mined from thess deposits during the war years of 1942 to 19L5. A
briaf description of the Cetcholl mine and its vicinity was published
by Hardy (2) in 1940, and in 1946 S. B, Clabaugh and the writer (3)
published a short bulletin on the tungsten occurrences of the Osgood
Ranga., The Battle lountain, Colconda, and Sonoma Range areas, south
of the Humboldt River, ara thoss closest to the Osgood Kountains 4n
whiich extensive gaologic mapping has been dene, but nons of this work
has yet been publishcd:

Kunbers in parenthases refer to the bibliography at the end
of this report,



PHYSIOCRARIY

to datailed study of the physiographic desvelopment of the Osgead
lountains was attenpled in connection with this study, bul a few cbserva-—
tions were madse, and the problems which they presant will be cullinad,

The northern end of the range hes reached a atege of full maturily
in its physiographic development. (See pl. 11, A.) It is thoroughly
dissected and only a few remnants of its orizinal surface razain, The
'valleys ars all youthful with Veshapsd cross sectlons et the mouniain
frent, (See'pl. 11, B.) The ridges have serrate crests with steep slopes
from ridgs crost to valley bottom. The east mountain front at the north
end is fairly straight, and sub-triangular facets mark ths truncated ends
of ridges alired on the courss of a prominent fault; _

That the Osgood Mountains are a fault-block rangs is apparent frea .
-tha geologic mlations;‘xips, and their physiegraphic development dates fram
the inception of this faulting, The history of their development as a
dissactad fault~block rangs, however, is complicated by featurss that are
anc.ﬁlous to an orderly erosional history. The headwatsrs of many of the
crecks which drain the eaﬁt gids of the range, especially north of Granite
Creck, have open amphitheatre-like basins at altitudas of about 6,200 feet,
sona of which contain aggradational material. The interstrsam ridge crests

show a marked flatteaing in longitudinal profile at about the sams general

slevation as the basins. At the mountain front, howsver, the interstroam
ridges slope sharply down to the upper ends of the pediment. The streams
below thase headwatar basins are sharply incised and emarge from the
mountain front in narrow V-shaped valloys only slightly incised below the
presant lsvel of the pediments which skirt the mountains., Profiles of
the streams leading from thess headwater basins to the pedimants show no

marked break to correspond to the unconformity still evident on the inter—

stroan ridges,
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The headwater basins togethar with the flaiter reachss of the intoer-
stream divides suprost a still-stond in the ervsionzal history of the moun-
tain block at this elavabticn with the atiendant cutiing back of the moun—
tain from its initisl positlexn along tha line of range-front faults, Re-
newad uplift is fn part responsible for a rejuvenction of ercsicn, Evi-
dence of recent uplift is found in the form of a smell scarp in alluviel
paterial. Howevar, it is pessible that scne of the mojfuvenation of moun—
tain ercsion is related to the dissection of the pedimont surfaces wiilch
flank the northeast slopes of the Osgood Mountains and extend out into the
low hills vhich project far esstward from the Osgood Fountaing, Tha com=
plicatsd disssciion of these pedimant surfaces may be related to a mass
excavation of matarial frem the main Kelley Creek basin to tha southeast,
or to other rezicnal factors not directly related to the Csgood lountains
block as such,

The relativaly recent fault which offscts the alluvium extonds from
the very southeast corner of ths mapped area southward for a distance
of covar three miles., The maximum vertical displacemant on the fault
occurs at about tho latituds of the south edge of plate 2 and amounts to
appraximately 20 feet. 7The scarp has besn roundad off, and saveral of the
snmall strea‘z:xs which crossed ths fault line and which wore thrown out of
adjustoent by the displacement have bullt alluvial fans to tha top of ths
raised block., This fault, located over one-half mile from the foot of
the rangs, may glve soms indication of the distance the mountain front
has rotreated, although the possibility remains that it is meraly one
of many subsidiary faults which split from a zone of fracturs cloger
to the main range;



GZOLOCIC FCLIATICNS
Introduction

The followin: descriptions of litholozizs in the Osgoed Mountzins is
not mzant to follow siricily the usual sequonce from oldest to youngest
foraaticns, The rcason for this is twofold: the nearly complaie lachk of
fossil and other evidence for age deiorminations, and tha fact that most
of tha various distinctive rock groups cccur as blecks beurnded by faulis,
and as a conssquencs ths pre-favlting rolationsihips belwsen then are unkneim,
A1 gvailabls evidonce sugresie thadi the oldost scdimantary rock occurs
tovard tha south end of the range an? the youngest at the north, In so far
as this is true, the seq;:chcc of dsscripiicns, which is frozm south to north,
is in the usuzl ordor from oldest to youngest, The evidence bearing en the
gpe of cach group will be discussed in thae desceription, and a sumary of
possible aze rolations and corrolations will be given at the end of ths
deseription, To avoid conf;ﬁion in goographical leocations and facilitate
referencea to ths various rock groups, each group is given a lettor desig-
nation which is shown o1 7late 2. Cne very distinctive formation, a fan—
glomerate, is mapped separately as such and is not included in any group. .
Flate 2 is eassentially a lithologic map which atltempis to show each grouy
and the lithology within it, rather than age of reccks, Plats 9 shows a
serles of astratigraphic colurms of the rock groups in the northern Cogood
Yountainz, Formatlon names have been avoided, panding eventual complation
of the mapping of the quadrangle and possibls corrolation of t.he rocks
with knowmn formations to ths south,

In the descriptions that follow, intercallated velcanic rocks are
deacribed with the sedimentary rock group in which they ccour, All intrusive
rocks, the basalt flows and the pyroclastic rocks at the Getchell ming, ars
described in the section on ignecus rocka:
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Description of sedimentary rock groups

Rock group A

At the scutheast corner of tho map aroz is a sariocs of sedizmentary
rocks which aro separated by faults from those of the rest of ths rarge.
Thay are bounded on tho nerth, east, and south by the covered pedizment
slopzs waich sprezd oubt into the basin and on the wast by a fault of
unlmewn displacensnt. The sedimentary rocks in this dleck ary so badly
faulted, folded, and ccnlortod thal an accurate measure of thicknucses Is
impossidle, but at least 1,200 feet of beds ars expesad. In general, those
beds gtrike northeast essentially parallel to the froat of the range and
dip stecply scutheast toward the basin: N

The lowest member is composed prodordnantly of shals that has an ex-
posad thickness of about 1,250 fest, Fhora it is least metamorphosed the
rock is greenish gray, fissile, and locally has a woll—developad fracturing
which produces small pencil-like fragmsnts. Toward ths top, the ghale in-
cludes interbedded thin, dark, blue-gray limestons, limy shale, and a haxd,
purplish, sandy shales, To iha northzast, wherc the sequsnce approaches the
granxiiorite stock, the shalzs is slighily matamorphoszsd into a gray-bleck
argillita, containing vaguzly de.é'ined ovoid structurss, whichk reach meximm
dimensions of 4 by 7 millimsters. On exposed surfaces, these structurcs
weathor to a Mght~brown ar buff color and give the rock a spotted appear-
ancs, The contact metamorphism also affects the interbsdded mudsions and
limegtons of the upper part of the section by changing the mudstons and
limy mudstono to low-grade hornfels and argillite and slightly recrystalliz-
ing tha limestone layors. Scus of the shale lsyors are transformod into ’

low-grads phynitea:
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A limestons mombar which averagss 500 fest thick overlies tho shala,
It is cmﬁged of thin-bedded to plaly blus-gray limestonz, sams of which
is finaly lainated, as2 bads range in thickn=ss from 1 inch‘ to 3 inchesz,
and many are separated by one to ten inches of wery thin,platy and britils
laninas of an impure light-buff limestons which splits along the bodding
planes into paper-thin shects, Many of tho laninas in the purer blue-gray
limsstone beds waather out as slirhtly rai.;sed ribs with a buff caler similar
to the inter-limestons layers, Within this limestonse mexbar naar the
south end of its expesure 1s g narrow herizon of intraformatlionnl cone ‘
glmratc; The basal cc‘mtact of ths limestons with the ghale is grad;'ztional
throush about 100 fest of transiticn beds, 8imilarly, the upper 50-100
feet of the limestone contains some interbedded layers of dark impure lime-
stone, argillite, shals, and thin local beds of chart, all of which rapre-
sent a trassition toward the overlying shals, '

The shals above the limestene forms a relatively soft incompetent
layor that ranges in apparcent thickness betwsen wide limits, wery likely
as the result of deformation. Because of tha deformation that has affected
the shale an accurata‘measure of its true thickness is impossible, bul an
estimate of botween 800 and 1,0.1’}0 feet is not unreasonable, Most of the
rock in this sono 1s a light-gray to gray-brom fissils shale, in part
myliitic, and in many placaes having a well-developed fracturing so
arranged as to produce nesedle- or pencil-shaped fragments in great abune
dance, Locally the shale is iron stained, and one zana, wiich is a
hundred feet or more thick, is a purplish-black, fisaile, sandy shale
with an imperfoectly daveloped sl..at.y cleavage, i few mones of limy shale
are interspersed in the section,



The uppermost-exposad mezdber of this section is essontiall& a
limastons bﬁt ona co.':*.;éoscd of somsvhal diverse bads, The principal rock
type 13.3 bluc—gray mediun- to thin-bedded limestono contain:Lng sC13
thin chert layers and lensas, Near the bass arc a few horizons of silty
limaston: and czlearaocus silt, At several horizons, the upper limestons
is charzctarizad b}' layers and lensas of a w2ll-develeped intréfo::mﬁioml
corglezarate from ona to over 10 foet thick, The ccnglc:n:ra;*va is composed
of flat, anpular to sub-rounded limsstonz fregmonts in an Impurc calcarcous
matrix and orisented semiparallsl to tha bedding., Tha cccurrence of such
a distinctive layer in different positions within the various fault blocks
wzs at first interpretad as a rosult of the faulting of a single hdri.zoh;
However, irreconcilable variations in the stratigraphy above and below the
intralormational conglomarate layers in adjscant blocks, force the con-
clusion that there are several horizons of the conglomerate and that any

ons layer is continuous only for short distances.

‘Rock group B

The northerr tip of an'e;\tansiva arca of quartzite is expesed at the
gouthwest corner of the map arca., This quartzits is exceptionally u‘ell
displayed in the upper reaches of Hogshsad Canyon, espacially on the steep
southorn face of what is locally known as the Hogshead, a prominent prowe
shaped psak about 1 1/2 miles due south of Adam Poak, It extends for a
distance of at lsast several xmiles south of the area mapped,

Ro attempl was mads to measure a gection of the quartszite, Keither
the base nor the top is exposed, and the series is folded, contorted, and
faultad in such a fashion that any attempt to reconstruct the section would
be futile, The quartaits is bounded on the east by a major, steeply dipping
ta}tlt, and is overlain unconformably on the north and wast by younger formations.
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The quartaite 4s a medium= to thick-bedded, fine-grained, quits pure,

light—bui‘r to nearly whits rock., For the most part 1t is uniform in gonaral
conposition, althau@a localized variatima in color, grain size ) and amount
of m;mrities‘ ars evident. The rock is coaoposed ct quart grains vhich
wars originally subroundad, but most of which have baan rccryatalli..ed,

at lsast along ths bordera, to irregular, mors angular shapes, In mary
places tﬁe grains form a perfact mosaic texturs, lowever, scattarsd
groins of zircon, pyraxena, and apatits ratain thelr roundad forns, Tha
grain diamoters raroly excced 1 millimator and, for tho nost part, are

loss than 0,5 millinatar. In ths lesg-pure quartaite, ths impurities

hava beon reconstitutad to form interstitial sericits, granules of iron
oxids, and other minerals not definitely idsntifiable, Saveral zoacs of
shaly quartzitas and one of a dark—gray quartzite intarbeddod with shala

ara present in the séction, but thair‘stratigraphic relations ara obscure,
| Tha age of the quartzits has not been detorminad, Three prominent
quartzits horizons are known to ocour in the Paloozoic scetion in arcas

far to ths cast and south of the Osgood Yountains, Thess are the Pr;:spect
Yountain quartzits of Lower Carmbrian ags, the Eun,lfa quartzitz of liddls
Crdovician, and tho Diamond Feck quartxit;: of Pannsylvanian agz, Nons of
thzss horizong has been racornized in arcas adlzcent to tha Osgood &fmmtains;
Srtensiva work by H, G, Forguson and R. J. Goberts in the Scncza and Antler
Pegk quadrangles, scuth and southeast of tha Osgood Mountains guadrancla,
hag disclosed no quartzits lithologics that can be deofinitely correlataed
with any of tha abovc-zantioned zones, Howover, Forguson (L) has tentze
tively assignad a Cambrian aga to tha rocks which compriss the southern

end of the Osgood Mountains vhers thuy pfojact into tha Soncza quadrangle;
The dating is based, in part, on general lithology but mostly on tha diz=

covary of sevarzl spocimsns of tha genus Lingula, The rocks tontatively
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called Casbrian by Fergusen comprise a sequence of phyllites and phyllitdce
shale, in part limy or sandy, and containing soms quartzite, Ths quartzite
occurs as large pods, lenses, and discontinucus beds which may locally
attain a thickness of several hundred feet, The quartziie is relatively
pure, light gray or brown in color and for the most part it cootains small
flakes of wmuscoviie,

Tha quartzils of tho ceniral ngocs ¥ountains may ropresent an expzan-
gion of cn2 or moz:e of tha Cezmbrian quartzite horizons, and, in the light
of present knowledge, this is considered to be tho mest logical corralaticn,
In view of the complox folding and faulting of those quarizites, the ssom-
- Ingly thick saquence of them may bs more apparant than real, and ths true
thickness may be quite commensurate with the Cambrian quarizita lenses to
the gouth,

Rock group €

The group of formations lying on the west side of the mountains and
saparated from the rocks to the east by a faull, bear many ressmblances
to the rocks of tha central part of the mountains, but bscausa of certain
nolable variatlions in their composition and the fact that thoir relation
to the other rock groups is unknown, they arc treated as a scparate unit,
This group has been mapped for a distancs of over 4 milss along the
wostern flank of ths range in the north half of the map area. It is
bounded on the east by a fault of unknowm displacemsnt, and on the west
by the overlapping alluvium of Eden Vallay and the basalt flows of Soldisr
Cap, At the north, a seriss of branching faults terminate it against
younger limestones. Thess rocks are known o axtend at least 2 ﬁilea
beyond the point shown on the map (pl. 2), Rocks of similar lithology
erop out east of the Gatchell mins whors they are unconformably overlain
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by the limastonss of rock group E. It is probable that thass similar
rock groups ara.equivalent, but tha structural pattern that axplains their
position is not undamtocd.;

Ths rocks which compriss group € includa grits, argillits, scos
quartsite, motavolcanic flows, chart, and limestons, Tha occurrsnce of
the grit, motavolcardc flows, and chert necessitatas a separate category
for this soquence, aven though tho romaining rock typos are, in most wzys,
idontical with othorg in rock group D; Thess rocl.a ara ;:"'-dcm..nantly
vortical. 3Svidenca baaring on tha top and bolloz of tho sories is net
conclusivo, but it i3 assumed that the bass Iz to tho wost, and the series
will b2 described froa west to esst in ascending oxdor.

The lovest exposed membor 43 a ciark—brown, nadium-grained gxid comoe
posad of .80 percent of rounded quarts grains, which avarags 0.5 millimotar
in diamoter, Occasional grains of smolg-blua quartz, as much as 2 milli-
mators in dicnmster, ara scatlersd through tha rock, Tha remaining 20
percent of tho rock is malrix and cswtent composed esscntially of soricitas,
iren o«ch.s, and 8 1ittls carbonsla. Tha grit 1s pediwm Yo thick baddedp
tha beda “am‘a in siza from 2 inches to goveral fect;y and tho serics hag
an cver-all :nixmm axposad thiclmess of about 2,500 feote Harrow layors
of Micht-rray chials ccour horo and thoers betwcon tha grit layers, and ona
bod 2 foot thick was obzerved in Andorson Camyon, Toward the top of ths
soctiom tho grit includes leonsas and sormsvhat édiscontimous lagers of
chert which repzosent a transition into tha rredominantly chort and
sgwoeanstons nusbors abovee Tha contact with tha overlying rocks is
essentlally gradational bubt has been placsd at the top of tha grit, even
though larga lenges of chord cccur within the zridt as much as 500 fead from

t.hé contacth,



18

Abave the grit is a soquence of layers which aggragates approximately
1,500 foet and is composed of highly altored volcanic flows, thick layers
and lenses of chert, minor amounts of blus crystallins limastone, and
soca impure argillite., This horizon is predominantly characterigzed by
the chert and mstavoleanic rocks, The chart, sams of which was noted
abova as occurring in ths grit series, 1a dark gray and flinty appoaring
on the frosh surface but attains a smooth deep-buff colored wea’c&:er;d
curfaca, DPaczuse of its toughness, the chert projzets usually as bold
cuteropss The bedding of the chert is typically irrsgular; the individual
layers, which are from 2 to k inches thick, display a marked pinching and
swolling, Thin shaly interlayers woather mora quickly, leaving the chert
lzyers stand;tng out in relief, and the larger outcrops thoreby assume a
ropy or simious complaxion, Thin sections show the chert to bs compesed
2ssentially of cryplocrystalline silica with irrcpular clustasrs and
siringars of rucrystallized quartz which occurs as small grains no wors
than .0l millimgter in dlametar. Tha chert sonss rangs in thickness from.
a fow fzot Lo more than 1,000 feot whors measursd in Andorson Cenyon.
There is, however, considarabls varliation in ths thicimess of any ona
zone, and some layors evldonily pinch out completely 2long the siriks,

Assoclated with the cherd are rocks a‘hich'ara classed under the
gencral fi21d term of nmatavoleanic flews., Thage are dark, greenish~gmy;
gonarally nondascripd rocks with a iﬁint Irrogdar :::oitling and dull cast
cn tha frash surfaca, Only in large expewss 1s a layorad structurs appare
ent, Nany spacizens ﬁaat‘xer to' a rough, irrsgular, and frequently pitted
surfacz, formed by the weathering of material from cavitiss which warg
v.m:’;cubtedly vesicles, Under tha microscops, thess rocks ars s2eon to ba

fing-gralned volcanic rocks, extremely altered, which, in scrma casz8,
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havo been subjacted to contact metamorphim, ALL of them are coposéd pro-
dominantly of plagioclase laths in a gemi-trachytic arrangemnt, anzociat.ed
with a variety of altaration ainsrals derived, for the most. part, from the
brsak down of tha oﬁginal mafic cénstituents. In a ousbar of the spaci-
nans the plagloclase ‘;f‘aﬂ sufficiently fresh to ratain albif.a twinning,
and detersinations on 5 upecirén.;z scattored over the area, gave & coapo=
sition botwson An 45 and An 35 . From this it is concluded that the
'or;gina.l flowa wors basic andesita or basalt near andesiis in composilion,
The plagloclase is flacked through with small sheafs of clinozoisite, a
littlas séricita, and, in come spacimens, considerabla carbonats. The
';:xrigi;n&l mafic uminarals ara ccmplstely. Bestmyad, baing roplacad by irregue
lar aggregates of low-iron hpmblende -5.11 small noedles and bunchas of
nzadles, chlorita, carbona.ta,’ scme #econdary faldspar in very small grales,
and, in oy cases, by £ina-grained ageregates of a low-iron biotita, Tha
biotite has a vary light, but definite, pleochroism, X = c¢olorless,

Y = Z = 1ight brom or greenish brosm, Fesidual corss of anp’zibolé in
soma of the biotite suggests that the blotite is an alteration product
froa sacoizdary. hormblands. The character and composition of the original
mafic minerals are difficult to decipher; For ths most part, svery vestiga
of ﬂ‘na mineral 43 destroyed even to tha cryastal outlines, Ths presm{cé of
sscondary hornblends, biotite, and chlorite in separate and distinct
patches suggests the possibility that several mafic minsrals rmay have becn
present, each of which gave rise to a ssparate series of alteration preoducts,
The licht plcochroism of both tha secondary hornblonds and tha biotite |
sugpests that they have a miativsly low iron content and pdssibly_suggests
also t.‘;.at the original mafics and tha rock in gonsral may have been‘ de-
ficiont in iren co:;fant. Very likely, tha principal mafic was enstatita



or an olivins, which, in combination with part of the plagioclase, has
produced the nearly colorlass small laths of hornblende.

Ths altersd volcanics are intercallated throughout this unit and,
from their gensral accordance with the badding and their highly vesicular-
structuras, ars considered to be flow rocks in the sequence, South of
Anderson Canyon, an-ths ridge between Farrel Canyon and Cave Canyon,
howsver, somz ancmolous relationships are 'displayed batween tha aphanitic
‘ ignaous rocks and the enclosing sediments, Highly alterad basic lavas ‘
occur as bulbous and irregular masses which ssem to pinch dowm or ter-
ninate to thé scuth, In tho saddls Just east of the ermirsnes Xnowm as
Soldier Cap on tha aforementioned ridgs thesa same alterzd basle
aphanites are immtely involved with brocciated limestcnes and include
sub-roundad linastona fragments, Tha ignaous contacts with the lincstona
and }dﬂx the fragments are chilled and indicats either that the basle
apha;itas are intrusive and have brecciatad and incorporated the limee
stona or that the arhanites flowad out on a surfacs of limastons accumue
laticn, aither submarine or barely‘ subasrial, and disrupted and incorporated’
rart of the limy mmds within them, Evidonce is not clsar to demonstrate
either hypothesis, but the prepondarance of the evidence favors the
occurrenca of tha basice aphanites as flcows, They ars highly vesicular
(not conclusive of surface formation), ars associated with chert—a common
associaticn alsswhere——and conform to the general bsdding,

Above ths predominantly chert and metavolecanic rock szaquencs of
group CA occurs a considerabls thickness of dark-;ray, black, and blue-gray
argil¥ite, hornfels, and impure calca.faous argillite, These are intsre
bedéed with sevaral thin motavoleanic flows, Toward the top of the exe

posed asction, in the vicinity of Farrel Canyon and southward, arc a.
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sariss of blue-gray orystallins limastonss which are interbedded with the
argillites and the uppor flows, The stratigraphic relations are not
too clear, but it is belioved that tho limestonas are in part a local
facles changa and ara continucus along tha strike with the argillites,
chert, and greonstons to the morth, A very small collaction of poorly
prosorved fossils was assembled from these limestonazs on thas ridge bow
twoen Farral and Cave Canyocns and “was sent to the Ceological Survsy for
identification. Dr. Jazmos Stsela Willlams reports as followas

“This cellection contains crinoid columnals, a poorly
prosarved impreasion of a horn coral, and fragasnts of
asoveral species of brachicpods all of which ara so
weathared or otherwise so incomplata that thay cannot be
sracifically or genorically identified. Thzse brachiopods
include a Chonates-liks form and an Ambocoaliz-like form,
Soma of tha crinoid colummals ara presarved in what appaars
to ba part of a basaltic lava floa,

“Dr, Sdwin Kirk has examined the specimens for aga clows
from tha erinoid columnals, Xona of us is abls to giva an

age dstoermination othar than lata Palcozoic from tha material
at hand,.®

Rock group D

A'group of rocks that forms a mors ;zr leog distinct unit occuplss the
corz of ths northern Csgood %ounté.ins and extends fro:x nzar tha northemn
and 'to bayond t.ha'soufhern lizits of the arca mapped., These are tha
rocks which havs been intruded by the Osgood Mountains stock, and, as a
consequénce ‘of metamorphism by the 'st;ock, ara ncw largely altered to
argillits, hornfels, and marble, Cnly rear ths north ond of ths mountains
ars the rocks sufficiently ramoved from tho influance of ths main ine
trusion to have rstained som3 of their original charécteristics. Kc'craver;
even mong tho least motamorphosed éections, thars are small zonas and

araas of more intense altaration related to snall stocks, dikes, or stbe

Jacent igneocus nasses,
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At the northarn and of ths range, the seriss is composed essontially
of fins-grainsd clastic rock types. For the most part, thase rocks are
well imiufated, slightly recrystallized mudstons, silicaous siltstons, and
impure fine-grained quartzites, A variabls, but usually minor amount of
carbonata 13 present in certain zonas; and scveral layors of pure crystallins
limegtona occur on the west side of the range in the lower part of ths
ceries, MNear the fault which bounds ths seriss on the west, and in ths
lztituds of cross-section A-A', plats 2, there are soveral large lenses
of pure finc-grained massive quartzite. A portion of tha argillacoous
rocks hav;:i develo;:ed) into low—grado phyllita instead of a massive
argillité. Ths phyllits nmzy represant the :'c.asulté of thermal metae
norphisa of a well-bsddad shalas,

Tﬁa largest part of this group of rocks is composed of very finow
grainad, silicaous mudstons, coup:-ising silt, fing quarts granules, and
carbonats in proportions which differ from place to place, For the most
part the rocks are somber hued in shades of blue, black, dark gray,
brcmish. gray, and brom, Eedd..ng is usvally distinct 4in ths less meta-
*ﬂorﬁhosed areas a!nd ranges from beds less than 1 inch thick up to massive
layars of siliceous argillite. 20 fast or mors thick. In the mors \inirom
argillaceous or impure quartzi'aic facics, the beds are fairtly la::xtnatod
a f\.ature that is especially wsll sh@m on weathered surfaces, As ths*
car“mata contant increasss thers is a ’ocndnncy for ths carbonata ard ths
clastic ccnstimants to occur i.n separats layers with the devdo*mmt of
a digtinctive, thin-bedded faciea of al t.arnata argillito and limestons
layers, each usually less than ons or two inches thick, (Sea pl. 1, B8,)
Such zones-of interbedded, tnin-‘)eddad li.m..stona and argillits are
locally as much as 100 fsst thick, bul have no consistant lataral cene
tinuity, On w at‘mexing, tra purer limstcna 13 otched out, producing
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a ridbed ocutcrop., Southward, along ths edges of the grancdiorite stock,
" the srgillite facies has been, for ths most part, recrystallized into a
cordierite hornfels 'rmich\will be more fﬁily discussed under ths sectiiom
~on mtarxc'rphism. |

Limestone bads in the series occur both'aé very pure layers having
sharp contacts with ths enclesing argiliite and as purs layers which grade
into the argillite through a zorna of interbedded limestone and argillite.
For the most part, the limostones are a dark to light blus—gray color,
medium badded, and medium grained, with minor impurities ccncentrated
along ths bedding planes. In general they ars well recrystallized.
A very minor amount of chert is assoclated with the limestons. A notabls
foature of the pure limestons layers is their ZI.::ms;,'r character. Although
soma layers of limastons no more than 50-100 feet thick may be tracsd for
a mile or mors, it is not unusual for a layer of similar thickness to
pinch out along thae striks within a few hundred yards. Ono layer at ths
north end thicksns from one hundred feet to 900 feat in a distanco of
one mils, At the north end of the range limestone compriscs only aboul
S percent of the serles., Howover, to the south-, the limsstonas bacome
prograossively more abundant, and in the area betwesn the two stocks
ccoprise ﬁeerly 25 percent of the scction; It is evident from the map
(pl. 2) that individual lizestons beds tend to thicken towerd tho south,
and, furthermors, tend to coalesce to form thicksr layers. This sugpestas
& faathoring out of the limesione facies from south to north and probably
axplains the lonsy and discontinuous distribution of ths lirastonss in
Rock group D at the northern end of the mountains,
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Under the micrescopa,the limestonzs ara szen to be fine, evan;grayzed
recrysiallized rocks cc::pcsef.i essantially of Cald; in a mosaice of grains
which range froa 0.1 to 0.6 milli:mte; in diamstar. Mo dolonmite was found,
A1l gradations exist botweon pure limestenes and pure sandstonzs and pure
lirsstones and pure shalss or sﬂtstones.

The quantity of true quartzite in this seriss is relatively miror.
For thy most part, the quartzite occurs as discontinucus lenses no mors
than a fow hundreds of fest long and 50 fest thick, ;‘ha largest layez;
marped 4s in the order of half a mile long and 150 feat thick, bul this
is axceptioncl, Only thoss quartzites are shown which are sufficlently
lar::a or continucus to be plotted on the map (pl. 2).

The quartzites are all fins grained, which is in keeping vith the
genarally fina texture of the serles. For the most part, the grain size
rarsly excsads 1 millimeter and usually is betwesn 0.05 and 0.5 nilli-
reter, The purer laysrs are cmposﬂ up to 95 percant of quarts, with
a samall propertion of apatits, =zircon, amphibols, and pyroxens. The
oririnal cemant appears to differ in different layers, with carbenates,
iron 'oxid’es, and argillacecus material in various proportions as the
most comon cenenting material., In some of the impure quartzites the
proportian of those matorials arounts to as much as 25 percent of the
mck.' The quartzites of this series have been recrystallized without
excoption, In the mors exiroms cases, tha recrystallized rock compriscs
& mosaic of interlocking quarts grains with films and {rragular ssegro-
gations of the original cement slong ths boundaries. The original shape
of tha grain is lost, and only rarely is an outline of such a grain pre-
Berved as a faint line of inclusions in the enlarged crystal, In those
rocks which comprise an appreciabla amount of cement, the cementing
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naterial is reconstituted to 1"om tremolite, sericite, and magnotite,
and othor new minerals, In somo examples, the gquardz of tho grains is
involved in the new combinations,

A number of anczalous zones of a giliceous, extremsly hard, fine-
grained flinty rock are considered to result from silicification of
gome othar rock type. Sevaral of thaese bodiss cccur at the northern end
of ths saerles, and others, less prominent, occur associated with the
limestones in the reontrant bebwssn ths two lcbes of the granodiorite
stock, A few of thess can bs directly related to silicification aleng

faults or fractures » but others have no obvious structural contirol.

F;.mglcmsra‘ba

A paricd of marked diastrophism followed the deposition of the
proceding fomtions and daformed and elevated the rocksinto 2 land mass
which was subsequently eroded. Upon the boveled edgas of the mudstonss,
shslas, sandsionsg, limesiones, volcanic rocks, and chert was desposited
unconformably a sequence of rocks of widely differcnt lithologies, which,
from meager fossil evidenca, ars considered to be, at lzast in part,
uprer Carbonifercus, poésibly upper Pennsylvanian in age. This seriss
has as its basal mamber a very striing, coarse-textured, uncorted
clastic rock which fits the characteristics of a fanglomerate. (Ses pl. 13, B)
It is exposed in two widely ssparatad places in the map arca—at the south-
‘wagt corner where it rests unconformably upon the massive quartzites of
Rock group B and abcut a mils northeast of the mouth of Anderson C‘azwcn;
“where it forms the base of a synclinal trough which rests unconformaﬁly
upon the cherts and metavolcanic rocks of Rock group C. It appears to be
absent north of the Cetchell mine whare the horiszon of its occurrence
at the unconformity between rocks of Groups C and B is exposed. The
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fanglomerats ranges in thicknsss from an estimatod 20 feet at tho northerm
axposure tb approxirataly 100 feet or mors where it is exposed in the cliff
faca on tho north side of tha Hogshead Canyon. It comprises an assortmont
of angulﬁr to sub-rounded rock fragzents which rangs in sizs from sand and
pobbles to boulders one foot or more in diamster, For thic most part, tha
conctituents ars wassried znd Jumbled togother in tha genaral form of a
broceia, Cccasional lonces of sandstona or siltstonz are intorlarared
with the fanglomorats, but for the most part the rock is a hoterogenzous
nixture of =oterial of all sizes, woll compacted and cemented, PFragaents
of 211 ths underlying scries occur in the fanglomerate, but quartzites
predeminate; where the fanglomerata overlies massive quartzites in ths
subjacent rocks, it is composed nearly 1CO percent of quartzite fragmants,
Tha fanglomerate 1s overlain directly in apparent conformity Ly a thick
serias of rocks, t};e lower members of which are linestonos with subordinats
amounts of argillite and sandstones.

The fhnglameraté of ths Osgood Mountains is apparontly a northward
extonsion of ths #masing fanglomarate originally described by A, c: Lxzvsen
(5, 6) near Battlo lountain, Nevada, and subsequently found to ba of very
wido extent in tha Soncma and Antlar Peak quadranglas; ¥hethar the formge
tion was at oneg tima continmuous over tha area anclesed within its ocutore
most occurrernces, i3 unlnovm, but it doss maks a continucus formation over ‘
axtonsivs arzas south of Batils Mountain, and ths ceonditicns which proe-
ducad this typs of rock woere in opsration ovar hundreds of squars miles;
Tha thinaing of 1t from south to north in ths Cagood Lountalns and its
absanca north of ths Catchsll mins may imply that this areca i3 near thae
northara 1imits of its cccurrenca. In the Antlar Peak éuadranglg, ths
fanplomarats is overlain:by the ‘Zntlar Peak limostons of uprer Panﬁa#lvanian

aga,
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Rock group B
The saquence of rocks that rest directly on the fanpglomsrats at its

two cutcrops in the Osgood Mountains 1s incomplots, all but the basal
fow hundrad feat having bean eroded, Above the fanglomerata in the
small synclinal fault segmont exposad north of Anderson Canyon iz a sc-
quonce of sandy limestona, ‘ 25tone, and minor azounts of argilli‘ts;
The limastons rangas from nearly purs wiite, fina;grainad crystallins
types Yo massive bluc-pray limestona with thin hornfel laysrs, A meager
colla:cti‘on ‘of fossilé ’was made fran this locality and was examinod by
pr. Janes 31;:;619 williams, who reportss "fhis collecticn contains

crinocid colwzmala, a rhomboporoid bryoczoan, and brachiopods resenbling

specias of Huaiadia and R:r.stqéparifar. Tha brachiopods ars imparfactly
pregarved and so altersd by silicification that minuta stroetires, such
ag punctation, ars not daterminable., They cannot therefors be defini@ly
‘.d-antified. Ths most cozmplete brachlopod spacizmen is a largs fustedize
.11ke form that in general appearancés resemblas a Thosphoria spacies,
Hustadia rhosphorienses Branson, This spacies hasg been collectad from
Farpusonls arza frcua a locality in tha Edna ¥Yountains whare {t is '
aséociaﬁ&d with.s;airﬁ‘ar Iszﬁdocmerétua and a varied fauna which I bow
lieve is of Fhos;hdria age. ceressrene Although t.‘xa’pre§ant evidancs
dcas point to the fhosphoria ags of the collection, I fsal that it is
too meager to b; conclusiven, |
Non-fossilifsrous limsstons and argillite of charactsristics
similar to the fossiliferous on2s described above overly tha fanglom-
| arata of Fogshzad Cangyon., They are, however, much matamorphosed and
shegrgd and contain no evidenca of fossil remains, Doth of thess serics
ar§ .p.rbbably related to the rock serles at ths northeast corner of the

.aréa which 43 naxt descrided,
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Along the northsastern flank of the mountains and extending out
for 8 to 10 miles in an eastarly dircction is a series of sedimantary
rocks with intarbedded voleanic material, the age of which appsars to
ba slightly diffaront from the other series in the rangs. The limestons
and quartzita of this sories are excaptionally wall exposed in ths low
hills eaat of the north end of tho range and outside of the map arca,
Bocausa of their low dip, resistant characteristics, and white color,
they form striking outcrops that ars visible from ths vicinity of ths
Cotchell mine, In the arca mapped, only the wast end of this series
is shown whera it abuts against tha Gatchell fault,

A collsction of fossils from some of tha limestonss in this sarles
indicates that it is, at least in part, oquivalznt to ths Antlor Peak
bads nsar Battle Mountain which lia directly abova the fanglorerate in
thal arsa, These fossils wers also gxaminad by James Stosle Williams,
who reports on them as followsg

#This collection contains producteid brachiopods of tha
subgz=nara Dictyoclostus and Linoproductus and bryozoans belonging

%o tha genera TFonestella'’, Sulcoretepora? (Cystodictya of authors),

Diploperaria?, Penniretopora, and also rhomboporoid bryozoans, In

facics and ags, tha collsctions resembls the beds at Antlar Peak

and ara thus upper Ponnsylvanian (as agains$ lower Pannsylvanian)
in aga. Thesa beds might possibly extend up into ths 3ons of -

disputed Psnnsylvaniza~Psrmian ags, but wa balicve tham to ba
aquivalent 4in general to the Antlar Peak limestone beds,.%

The series rosts unconformadbly on greenstone, chert, and argillits
that ars balieved to ba equivalsnt to thcse of Bock group C on tha waat
flank of the ranga, In this rospect, they boar the samoe relation to tha
grzonstone-chert seriss as the fanglamerate and its overlying linestons
series. RHowsver, in this lccaiity the fanglomsrats is missing, and the

1imestones .that directly ovarly the unconformity aproar to ba of an age
mors néarly equivalent to limestones that overly the fanglomsratse in

ths Battla Yountain area than to the limestones that overly the
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fanglomerate on tha west side of the Osgood Mountains. The msaning of
tﬁin anomaly is not clear, Tha local absanca of such a formation as the

.anglomrata aight ba expoctable, but ths oxistance of approximately
1,500 faot of Antlor Poak bads in this section and theirapparent absencs
2 nilos to tha wost drsless easily rationalized., In view of the msager
fo3381 svidance and the gensral doubt as to the exact age of such fossils
23 wara obtainad, the limestcns above tha fanglomarate on the waat is
corralated with tha basal limestonss on the east,

The rocks of group E are distinguished by the interbedding of
considarabls thiclnesses of crystallina limestone with impure, vhits
quartzite, tuffacsous guartzits, metavolcanic rocks, and some argillita,
Chert cccurs in very minor amounts in the lowar part of the saction but
in nore abundanco toward the top.

As with other series of formations in the range, thias ona is in-
complote, Tharsas tho bass ia known, the top is buriad, and faulting

as caused rapet.it.ion togather with a cortain amount of cutting out of
bads in such a mannar 2s to moke exact msasurement of thicknoss impossible.

Tho base of this section is expcsed about 0.6 of a mils dua north
of the Getchall mins where a basal lirestons, 900 fast thick, rests in
marked unconformity upon ths gréenatona and chert of tha older formations,
Ths ii:::estona 1s a crystallins, blue-gray, thick- to rmssive—beddad;
naarly pure, limestona that is distinguished by the inclusion of widely
scattzrad, but well-rounded, white quartzits psbbles and cobbles, At
places, especlally in the rocks exposed east of the map arca, small lenses
of quartzitas pebbles and conglomaritic or sandy layers occur in the limc-
stone, Tha associa 1on of limestone and quarizita in a sedimentary sequencs
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is not uncommon, dbubt tha occurrsnce of scatiersd fsolated pobbles and
lanses of purai quartz conglemarata or sand in an otherwlsa puras limestone
‘presonts a situztion not easily explained,

Abova the basal limestone is a layer 1,000-1,200 feat thick of
siliceous limestonos and impure fine-grzined quartsite, Swmall cutcrors
of granodiorits sugcest the existencae of a subdjacant Ignecus rock widich
may account for the metamorphism of these rocks to fine-grained quarizite
and tromolite-rich quartzite, Certain of the garbonatc-rich porticns of
the series are dolomitic. Some magnesimm may have becn introduced from
the ignsous rocl; to form the trzmolite,

Above the sandy limestone occurs a sons, approximately 1,200+ feot
thick, which is composed primarily of metavolcanic materisl with soms
intormixed impure limestons., In weathered ocutcrop the mstavolcanie rocks
appear as brown dense rocks which have en irreguler, contoried, ropy
ﬂow;ga pattern 1In cross section_. On fresh surfacs, the rocks ars gray
brevm in color, somowhalt mottled and havs a d2nse, almost ﬂints»; textura.
If 1t wars not for ths structurss shorm on weathering surfaces, the
rocks micht easily be 'mistak:m for lizht~colored homfels; For. tha most
part, thers are no phenocrysis or other evidence of their volcanic nature,
In Pock gréup E, ths motavolcanic rocks, elthough ranging considersbly in
general appearancs and composition, are all derived from more silicic typss.

Under the microscope the metavolcanic rocks hava a very fine-grainad
groundmass with 1ittla svidanco of the former existence of phenocryata;
althouch some 1n;e,v,~ular patches of ccarser-grained mineral aggregates nay
mark the locale of such crystals, Original textures have bean largaly de-
stroysd by the metamorphism, %ich has been responsible for the production
of the hornfels and quartsite from the mudstons and sandstone, Flow lines
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in ths rock are prassrved by swiriing lin:s and nzrrow zones of a brom
stain which is intarpreted to be a partially devitrified and altered
glass. (Sse pl. 23, B.) Scme biotita has forwmed slong these lines,
The silicic lavas ware epparently very susceptible to melamorpnic _c‘nanges.
The groundzass is conposed essantizlly of a granular mosaic of quartz
and a clear, untwinned feldspar. The feldspar, which has an index wall
belaw bais::m, is very likely orthoclasa or albite or both, but the
grains wore too gmadl for accurate identification. Scattered shreds of
a whiite mica aras present through this mosaic and are also segrscated
along certain lines and in irreqular masses. A small amount of bilotite
is present 2long some of the browm flow lines of the rock, Scma of the
layars may have been tuffaccous, but the evidence for thelr original

constitution has been completely destroyed., Small fractures are filled
‘ with socondary quartz, and small ovoid areas of simlilar quartz are
interproted to bo vesicle £1llings.

Above the metavolcanic rocks is mors limestons similar in every
respect to the limestonz below the Impure tuffaceous sandstons. This
leyer is approximately T700-800 feet thick, Above this is a zons of
intarbaddéd lirgstons and some tuffaczous beds, aggragating in all
;ac.'r.‘e 800 feot., The uppormost-sxposed recks of greup E comprise 1,500
feat to 2,000 feet of interbedded brown cherts, fine-grained, thin-
bedded quartzite, black siliceous hornfels, metaveleanic rocks, and a
litils liméstone. This part of the aeriss is very poorly exposed,

-

and the relativo amount of tho various componente was not determined,



Description of ths igneous rocks
A11 of the ignzous rocks of the morthern part of the Csgoed
¥ountsins ara deascribad in this section with the exeaption of the metla=~
volecanic rocks intarbsdded with the scdimentary series, which werc do-
scribed under the lithology of the rock groupa. Seven igncous rock types

havzs besn identified in the arca,

Oranxiiorita

Caneral features.—-The grancdiorits of tha Osgood ¥ountains stock

is tha principal intrusive rock of the arca, In genoral shape the granc=
diorita forms a double stock consisting of two roupghly equidimensional
masses on a north-south line which are joinad by a shorl narrow dike-like
septus of the same kird of rock. The southernmost of these two stocks
is néarly circular in outlins with a diameter of 2 miles; the northern
is more irregular, being 3 milass long by nearly 2 1/2 milas wida, The
genzrsl shapo of the mapped area of the stocks may be likened to a crude
dumbball,

The ryslation of the contacts of the stock to the country rock
changes from place to place, In genaral, the bedding of the :edi;zents
1s parallel to thes strike of tho contact whersvar this striks is not too
different from the proedeminant north-scuth striks of the sediments, Such
conformable contactas occur along parts of tha easioern and wast&rn sidcs
of the stock and at places on the ends where large sills split off from
the main stock and protrude along bedding planes. . 43 a result of this
characteristic, tha bedding of the rangs shows a tendency to wrap around
ths stocks and accamodate itself to the bmmd;riea of the granodiorit.a;
Bowsver, on the ends, ths granodiorits sharply cuts across ths bedding,
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and it is obvicus that large volumas of ths country rock have boen elimi-
nated from ths spacz; now occupicd by ths stecks,

The dip of thz contact can be determined with assurance in several
of ths mining excavalicons on the periphery of the stocke. At the Riley
mine, on the east side of the north stock, exploration indicates thal
the grenodiorite contact dips quite uniformly to the cast ab 40° parallel
to the bedding, (Ssa cross sections, pl. L) At the Pacific prospect on
tha east side of the scuth lobe of the stock it dips to thz east at 60°,
At ths south end of the sama loba tha contact in the Granite Crosk mine
dips 60° to the southeast. These thros specific localitiss illustrate
 characteristic conditions which prevall slong the eastern borders of
the two stocks whers the contact is controlled by and lies esssntially
parallel to the bedding of the scdimenis, A the Richmond ming;en the
northwest sids of tho north stock, the contact culs across the badding
and 1s vertical. Tho contact at the Forvenir mins dips steoply to the
east, and the granodiorite thersby ovorlies the sudimontary rocks,
Elsevhora on ths westsrn borders of the stocks, the configuration of the
contact, its rolation to topography, and, in a fow placea, direct
measurement of the dip, indicata that the contact dips consistantly to
the cast ol a stesp angle. Wheroas the dip of ths contact on tha eastern
side of the stock tends to follow the bedding of ths sediments, it s2ems
to be true ganerally that on the west, the contact, dipping to tha east
at an angle greater than the dip of the sediments, intersects the bedding.

Thus the Osgood liountains stock i3 a dowrwardly enlarging body of
ignacus rock with an assymetrical cross-gsection in which both contacts
dip gastward. (See section B~B', pl. 2.) The character of the southward
tarmination with its steeply dipping contact as shown in ths Granite
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Creek mina and a general lack of dikss or cutlylng plugs very far from
the main rass sugrest an abrupt ending of the rock in t.his directica,
The north end of the north lobs feathers out inte saveral falrly large
8111ls and dikes, which lesd towand a numbor of other dlscounscted dikss
25 well as thres small granodiorite plugs, the cemposition of which is
sirdlar to ths stack; " The occurronea of thase small igncous rock bodies
in the ar2a noith of tho main outerops of grancdiorits sugrests that the
stock may havs an underground extansion in that direction, Evidence
based on the dsgroe of metamorphism also bears this oul and Is dise
cussed undor thal heading,
The upwardly converging character of the conta&a togather with

tha apparent burial of th;a north end of the stock maks it logleal to
infer that the siock is probably exposcd near ita crcsi, although it
could have extonded several thousand fe=t above Its present elevation;

| ‘Potrocraphy.—The grancdiorite is an equigranular, medium coarsé-
grained lght-colorad rock, which, on weathersd aurface; assunmes a buff
or licht~-tan color, (See pl. 14, A.) Local areas contain abundant
sulfidss and upon waathering beceme stained a dark-reddish brown.
Plagicclass, orthoclass, qu;art.z, biotite, and amphibols can be recognized
in 211 hand spzeimens, and, in sax spscimons, yellowish-brom titanite
is visiblse., Detziled study of thin sections of rocks collacted from all
parts of tha grancdiorite has dotormined that the composition is re-
markably uniform, with the excepticn of a very narrow border gons, An
average composition i3 as follows: plagioclass 4S percent, ort.hc;clasa
25 percent, quartz 15 percant, biotita 10 psrcent, amphibole (comron
hornblende) 5 parcent, plus minor amounts of tdtanite, apatite, sircen,

and alteration products. The plagioclase is always very close to An 40
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in composition, although ﬁuch of it ia zoned and varies in soms measured
specinsns batween An 36 and An 48 Ea.ﬁ;{ of the plagloclaso crystals
show escillatory zoning with evidoncs of corrosion batwaen egach ssquoncs
of zonas, md most of them ars corroded on the periphsry by orthoclasa,
The principal mafic mineral is bictite, aith an amphibicle near common
hornblende in coopositlon as tlie second most abundant., 0f ths accassory
minarals, spheze 1 the most abundant, and, in scma gections, amounts
to several percant, |

The over-all uniformity of composition of ths granocdiorite is
potabla, An attempt to dsetermins possible subtls variations that ares
not easily apparent was made by means of heavy residue studics of 6
eanples which were gollected from widely spaced localities in the stock,
both near the contact and at tha center. About 200 pounds of weathered-
granitic grush, which was still in placs, was gathered from each locality
and panred, The magnetic fraction consiszting essentislly of magnatite
wvag renmoved and the non-magnetic residues studied, These were found to
consist almost entirely of differsnit proportions of apatite, sphene:
and zircon, with minor smcunts of allanits in tw samples, On tie basis
of so few samples, any gensralizations ars meaningless, but the folloirlng
obsarvations are given at thelr face valus, The two samples from the
canter of the intrusive contain gircon in a great varisty of crystal
shapas, sizes, and color and in much greatsr abundance than in the
other samples, Sphens is mors abundant in samplos noar contacts than
in tha central part; and ons sampls on ths contact at the Vallsy View
mins contains a swmoky lavender pleochroic apatitq in sharp coatrast to
¢olorless apatits prasent in all other samples.
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Eonc of these obssrvations is positive in thoe sonss of indicating
significant variations in compositien of t.hls granodiorite, A negative
result, however, is the confirmation they give to the general conclusion
that the grancdiorits has been little affectzd by the contsct actien
throush assis tion of wall reck, by endomorphic alterstions, or by
incorporation of xenocrysts. For example, the lack of garnst in heavy
mineral concentrates from granodiorite against tactite at both the
Granite Creek mins and the Valley Visw mine illustrates this principls,

The exception to tha gonsral uniformdty of composition of tha

anodiorita is a changa in the mafic minerals ¥ithin a fow fest of
the contact, This changs consists of a diminution in the amount of
bioﬁtg and the development of pargasite at its expenss, AL the
irmediate contact, bioctits may be entirely replacad by the amphibole,
and soms of the arphibole, in turn, replaced by diopside. Paragenstiic
relations, based on the rimming of one mineral by anothsr, are that of
ths Bowan reaction series in reverss., This change is apparent at all
contacts rcgardlesé of the composition of the wall rock. Its signi-
ficancs, howover, is nol fully understood, From the occurrsnes of
reznants of arphibolas and pyroxens in the silicified border facles of -
tha grancdiorite (a facles rosulting from contact matasomatism and
discussed under metemorphism), the implication is drawn that the production
of the minerals predates the later phases of contact motasomatisam with
which the silicification is associated., This change in ths mafic
minerals may result from a slight contamination of the magma by the wall
rock, or from the effegts on the crystallization of tha magma occasioned
by the escape of volatiles from @ zons at its borders into the country
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rock at the time of emplacoment. This latter hypoinesis might help
explain thse dastruction of the biotite, wroug}{ the removal of water
which 1s essential in its compositlon, and the transfer of somc mabterlale—
notably ircn——I1nto the wall rocks from the outermost rind of the steclk,
Such a process michd be a first step in additive metamorphism which is
discussed at scma length later in this paper,

Yede of emplacoment.~The mods of emplacemont of the stock is not

aasily deciphercd. Five possiblz methods of aemplacement ars censidsred:
(1) Invasion by pushing the couniry rock aside and making room botweon
tha sedirants, (2) pushing of the displaced rock upward—a punching action,
{3) metasomatic rsplacement, (L) stoping as championad by Daly, (5), 2
combination ef two or more of the aforzmentionsd processes.

As proviously pointed out, thers has been a cartain amount of
shoving asids of the country rock by the pressure of intrusion, Thisz
is not only illusirated in the regional pattern around the intrusive szs
shcwn on the map (pl. 2), but locally in ssveral of the mins areas whers
crunpling of ths beds occurs in resatrants or accompanies the edpes of
the ore bodies, (Sea pl. 5, section B-D and pl. 13, A.) Howaver, the
fect is cbvious from a glance at the gecloglc map (pl, 2) that the
gensrally predoninant cross—cutiing relations at the ends of the in-
Yrusive make it nscessary to account for an embarrassingly largs volume
o:f hornfals and limastone which oncs occuplsd ths space filled with
granodiorita, For ths main modz of emplacement, concordant intrusion
is entirely inadsquate,

The punching out af a blaock of the roof implies the production of
boundary faults, a taaring off of large chunks of rock and the ghoving
of theso upward or outward into a pesition from whence they have now
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been removed by ercsion. For such a process to be sound mechaniezlly
tha contacts would have to ba nearly vertical, or at least parailel, ond
very proscely ﬂ;xrirg, in the upper parts of ths intrusivs mass, Controxy
4o such expectalions, the grancdiorite contacts converge shargly upwards.
A further exgactation in such a ﬁ}’pcthesis would be ths dragging of the
walls upwards around the periphery; this kind of intrusion being under
grzat slress, such structures would be strong corroborative evidence

of this mode of erplacement, Hons, howsver, was ssen.

Emplacamont by metescmatism or metaéamtic replacenzent (recerystelld-
zation replacement) involvas a procsss or geries of precesses which have
been applied by various petrologists to explain the produciion in placa
of igncous-appaaring rocks of all modes of occurranca vherc other
machaniams of introduction seom inadequate, The modus operandi amd
effectiveoness of the process is interpreted variously by dilfsront
workers., Scms, such as Quirke and Collins (7), Sedsrhelm (8), and
others, apply the process in old Archean terrancs under conditions of
deep burizl, high pressure, and temperatures sufficient to produce
partial fusion of tha rocks. Others, such as A, L. Anderson (9), 
Doris Reynolds (10), and O, E. Coodapsed (11), apply the process to the
fomation of ignzous-appearing rocks in much later puriods and under cone
ditions of much loss sevarc reglonal metamorphisn, or even in the elmost
c¢omplote absonca of excessive temperaturs and pressurs, The process.abt
lovor temperature is visualized to be caused by a more or leas temuous,
all-pervading scélution shich brings in the nsedsd elements, removas
excess or unusabls alaments, and promotes a recrystellization and re-
constitution of ths rock in place, thereby producing a rock whosa mineral
camposition and texture simulates that of a true ignsous rock. The source
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of thz modascuntiszing solutions is referred by most advocatos of tha
process to soms adjacent body of true magma, and, in such cases, the
replaccomant rock forns only a rim or relatively szall part of thz whels,

+

owaver, large massss of country-rock sedinants

e

In somz descrlplions,
are said to havo bean transformed through tho medascmatic aclivity of
goluticns which cawe from "below®,

Tho criteria for distinguishing thess ipneous~appearing replacemsnt
rocks from true igneocus rocks includs the following: (a) ®all-rock units
can be connected across an intervening arsa of igneous rock without off-
sct; (b) inclusicns or xsnoliths which arc coampletely separated from
the country rock, but which maintain structural orientation with the
structure of the country rock; (c)‘relicts of wall-rock structurs which
may be traced through or into the ®igneous™ rock--~such mihgs as ghost
bedding, ghost pebbles or shadew pobbles of a conglomerata eic.; the
so~called palimpoest structurss of Sederhiolm may be included here in
part; (d) the composition end texturs of the metasomatized rock may changa
within short distancss; this is especially trus in the cass of incomplots
change or in arsas of sediments of widely varying compositions; (e) coarse
texture on borders—the lack of any fine-grained or glassy selvaga; (f) gra-
dational as well as sharp borders; (g) gramulitic, granoblastic, and
helicitic texturss ars commony (h) phenocrysis have features indicating
porphyroblastic origin-—turbidity due to includad materlal, complex
twinning, included minsrals that ars not pyrogenic; (1) inclusions in
all stages of recrystallization may be locally abundant, and delicats
relicts of the inclusions may be undisturbed; (J) wall-rock matorial at
contacts extends into the "ignsous" rock and is interstitial with respect
to the crystals of the dikej crystalloblastic extension of dike minerals

into the wall rock.



Lo

¥hen applied to thz Osgood Mountains stock, the eriteria listed
gbova fzil to afford a convincing casa for the maztasonatic origﬁ of
the rock. Thers ars no intarnal structures; the contacts are everyubers
sharp and not controlled in any way by the littology; the compositicn
ani texture of the grancliorite is very unifera to within a fool or tho
of the contact itself, Thera are very few inclusions wituin the grance
diorite, even at tho imuadlats contacts, and no exarmples of the orienta-
tion of inclusicns with the wall rock,

The hypothesis of stoping prssents a reasonably plausibls molda of
intrusion for ths Osgood Mountains stock, but direct evidence for its
oparation is not availzble, The gonaral lack of inclusions caught in
th: act of being stoped has bsan pointed out previously, but this can
be';gpjimmlized as offering no arguwsaent egainst thair formar existence,
The f;ct that the western contact dips under the granodiorite 1s not
nacessarily an argument agai.ﬁst thg stoping procoss, but such a dip 1s
probably iess to be expected than onz that dips under the hornfels,
Indirect evidance pointing to storing 23 a possibls mode of origin |
consists of two main linss of thoughts (1) The naturs of ths contacts
and their relation to tha country rock, end (2) the relatively urdform
composition of ths intrusivs mass,

In a number of the nine oponings on the periphery of the stock,
the contact can be ssen in great detall and consists locally of & seories
of steps or nearly right-angle turns where the igneocus rock cuts sharply
across the bedding for a short distance bafore résuming & coursa nors
naerly parallel to the bedding, Thesa jogs vary in size frcm 10 to 100
feet or more in dopth. AL the Riley mine, for instancs; the course of
the contact is detsrmined essentially by the bodding of tha sediments
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which dip LS® and a nearly vartical jointing at right angles to the
vedding., (Ses pl. 4.) The vartical structures havs been Interprated
as cross Joints or small faults, and the grancdiorits has apparently
mads use of thcse structures at the timas of its emplacazent. In a
rrocess of block stoéing chunks of rock would presumably break out
along such linzs of wsalknass, and é‘ae pressnca of this typs of contact

is suggestive of thao mods of intrusion,

Dacita porphyry
Rlong the porirhery of ths grancdiorits stock, notably at the north

- end but also at the south and in tha arva batwzen ths two lcbes, are a
serics of dikos which ars vory closely related in compozition to the
cranodiorite, Tha dikes ara escantially offshoots from the main mass

and ara distinguished fzem it orﬁ,v by texturs. In hand specimen, tha -
rocks ars light-gray to gray-tan colorasd porpﬁyries composed of abundant
phonocrysts of feldspar in an aphanitic matrix, A fow scattered crystals
of biotita-‘and altercd ampnibola or pyroxazna also are visiblas, In thin
saction, the rock is =aen to be composed of zonsd plapioclass phenccrysts
(4L0~60 percent) having a compositiocn of An 33-45° set in a matrix of finc-
grained sanidine, pyroxsns, and quartz. Scatlered areas of chlorita
raprasant alteration products of pyroxsna., Accaessory minerals include
spazne and apatita, Tha plagioclass crystals show evidsnce of attack by
the matrix with ths formation of perthitic intergrowths on tha parithaery

of 3cma crystals,

Pegmatite and aplita

Pagmatite and aplits, bolh salic differontiates from the grancdiorita,

are greupsd togather becauss of their rslative scarcity in ths area, In fact,
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tho most notabls feature about them is ths goneral paucity of such rock
types oithor along ths granodiorite contacts or within the granodiorits
stocks, A few aplitas have baen mapped, but most of them ara too small
or discentinuous to show on the map. Pegmatits has been found at very
£aw placaes and always sgainst the contact. Fherover it is found in the
Csgood araa, the pagmatite iz a simpla miz;:t.ux‘e of quartz and feldspar
with a 1ittls mica, but no rsrs ninecrals,

felations along the contacta where aplits l1s to be obsarved indicats
clearly that it was dsvaloped as an end product of consolidation of the
granodiorite but was smplaced bafora the final phases of the contact
metagozatism, Thess dikes teil out and disappear in the granodiorite,
but in the contact zons appsar to ba replaced in part by solutions which

produced tha garnetization. (Sse fig. 2.)

Andusite

Dikag of andasitic camposition are scatiored rather widely over

| tha Cagood Hountain area in the vicinity of the granodiorita stock.
;:ost of them ars relaiively thin—raraely axccading 10 feet wido——and
are discontinucus along thelr striks. In a few instancas, tho dikes
blossom out into small plugs and irregular masses, In hand speci:aen‘,
the andssita is moedium gray, fins grained to aphanitic and porphyritic.
Tha phSnochsts ccaprise whita milky plagloclass crystals, as much as

5 millimatars in diamster, and shiny black nssdlas of horrblenda, In
thin soction, the rock is seen to bo composed of phenocrysts of plagice

clasa (An ho)-—zo; 2d in an oscillatory sequencae with much corrosicn be-

tween tha sorisg-—quartz, which occurs sparingly in well-rounded, largze grains ’

biotits in largs plates, and evhedral hornblends, all in a fins—grained



groundmass of tha sare mim;ral:. Some of the andesite is highly
alterad, and the phenocrysts of plagioclase ars transformed into a mass
of chlorits, carbonate, and spidota,

Andasita dikes cut all of the sedimentary rock groups in ths area,
the granodiorite, and ths contact metasomatle rocks, Thoy are definitely
post-crancdiorite, although thoy may ba rclated to a much later phase of
the sans ignsous activity, A notabla foasture of the serisg—granodiorite-
daciteo-endesite—ig the uniform zonal charactar of the plagioclase, In
all threa rocks, the zonod plagioclase falls in the An 3550 Fange, the
zordng is oscillatory, and corrosion occurs at intervals during growth

of the mineral, ending with partial resorpticn of ths ocutermost layer
of the crystals,

Basalt

Considsrabls arsas on the lower slopas of the west side of ths
Oszood Hountains are covered by basalt flows. Tha geologic map (pl. 2)
shows a seall portion of these rocks whars thay crop out on the ridgs
betwgen Farrsll and Cave Canyons and form a feature locally knom =3
Soldief Cap. Tha rock is a dens2 darkegray to black vesicular lava
which contains scattered oldve-groen grairs of olivine. In thin section,
the rock is seen io have a fine-grained irachytic texture, dus to tha
semi~parallsl arrangezsnt of plagloclasa latha, Tha plagioclase laths;
wihich averags 0.2-0.3 millimster long, enclose and surrcund scattered
olivina graing which range in sizs from 0.6<1.1 millimoters, Thae olivina
is always bordsred by a thick rind of iddingsits,and many of tha smaller
graings ars completely altered to this mineral. FMagloclase of a composzition
Ab gt g comprises 75 percent of the rock, olivina 20 percent, and in=
determinate inlerstitial matorial S porcent,



L

Flows of the basalt cap the ridge, and dikas of the same basalt
occur bencath ﬁha flowa and ara prosumed to be feecdsrs for them. The
flows dip west at low to moderate angles, and, in a2ll probability, extruded
on an ercsion surface producad on ths sits of the prosant rangs befora its

more racent elovation and tilting to tha west,

Fhyolita tuff

Immadict2ly north of the Cetthell mina tom si’;e and extending to
tha vicinity of the now Cetechell shaft is an ill-defined arca of
rhyolite tuff which is, for ths most part, wall covered and difficult
to nap, Ths arca outlined on the map shows its general limits as nsarly
as could ba dstermined from ths few art.ii“icial exposures which uncover
it., Yers 1t not for several upusual feaéures, the occurrance might be
2xplained meraly 23 an erosion remnant of a tuff fall that covared wids
areas and had its source at some undisclosed vent. However, iwo sxposuras
present avidsnca that strongly suggest its origin from a mn£ baasath
tha area of outcrop. Cns of these exposures is in tha walls of a rcom
excavated in the sido of a hill for a powdsr magazins 2,000 fast nor@}__—
wast of th‘a Gotchell mill, Angular blocks of granodioritae, ranging in
siza from a few inches to savarai fecet in diazeter are anclosadw;n a
ratrix of tuff,and mest of these blocks ars isolated ons from the other
by the tuff, The othar exposurs is in the new Catchell shaft which was
sunk for a distance of nzarly 300 fezt in tuff, Hornfels wzs enccuntoared
ab 296 feet frem ths collar, and surfaca axposures of hornfals surrounding
the shaft at distances nod exceading 1,000 fact maks it necessary to
postulats a venl of scma sort to account for tha gr2at local thickness

of tuff,



To ascount fer the relations cutlined above, a local scurce of
.xe tuff scoms necessary and tha nature of ths materizl, and the
encloszd blocks of grancdiorits sugrest an erruption sufliciently
viclant to tear off blecks of the wall rc.zck and incerporals them in
the debris,

Yogascoplcally, the tuff is a lig}zt-buff; soft, porcus rock of
very fine grain,but it contains recognizoble flakes of biotitas and
occasicnal grains of quartz and feldspar. In thin section, quartz,
bictite, plagloclass, and orthoclass accur as recognizedble crystals

in a ratrix of glass shards and pumice fragmonts,



SOLOGIC STRUCTUVRS

. The gzelo;ic structure of the northarn part of tha Osgood Meuntalns
is complex, probably much mors complex than is shewn on the map and cress
sections, and a complete unraveling of thoe siruciural history will have to
goalt mors extensive mapping to the south end sguthwoest. The major
structurzl featurs of tha northern part of the mountalns is the occurrsnce
of five groups of rocus each occurring in a structural block that is
boundad by faulis or by faults and a}luvium, Tho lack of specific in-
formation on the relative ages of these rock groups makss an interpre=
tation of tha direction of movemsnis on the failts very difficult, and

a full understanding of the structurs evasive,

‘ Folds
Structural evidenco guggests at least two periods of major folding

.nm two others of somevhat lesser intensity. The predeminant structural
feature of the mountain bleck is the homeelinal eastward dip of ths
rocks of groups A, C, and D, All evidencs sugresis that ths sequance
is in normal s;trati@aphic rzlationship with tops of beds to the ezst;

~ The dip to the sast averages 60°, although 1t varies from placs to place,
and locally the beds ars overturned. Ths regional structure to which
this'nnifomly dipping series is related is unknown, but it is obvious
that seme major period of folding followed the deposition of the scquence
of rocks in groups 4, B, C, and D, If the tentative ags of the youngest
of thess formations (Croups C and D) is correctly placed as late Palzozoic,
it will be necessary to place the folding of them probably in the Pennsylvanian
becausa these rocks are overlain unconformably by a series that has been
tentativaly correlatod with the fanglomsrate and ths upper Pennsylvanian
, tlsr Peak limestone of the Antler Psak quadrangle.
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The fanglozmerats and the Antler Peal limzstons togsther wim its

-

succasding forzations, all ef which lis abovs the u.zcoafomity, arc also

folded. This series, whara expossd in the ssuthwosh pard of the map area,
has an inclination of 15 dagrzes to the north.  Zxposures of it in ths
narthizasd corner of the mountains dip betirean 20° ssutheast and 9G°, arnd

the small symelinal sezmenb northt of Andsrson Cawyon has dips on the limbs
up to 70°. Such siructure implios extensive folding in sors pericd follow=
inz uppor Fennsylvanian tims, Daformation of the upper Ponnsylvanizn
series very likely affectzd the undorlying rocks, but to what extent is
hard to evaluate, The only place whers such information mizhi bs c)b-
tained is benaath tna synclinal renmant north of Anderson Canyon, but
unfortunataly the exposurss at that placs are not very revasling,

The quartzites of i‘oc!-: saries B aprear to be considsrably more
deformed than the rocks of serizs D to the east of them, Sincs these are
tentativaly correlatad with the Camwbrian saquenca near Gblconda, this‘
mor3 intense folding may reflect an early Paleozoie period of daformation,
Howaver, the deformatlion of these rocks may be more logically relatod to
eontortion and drag folding alcng the faults which bound this block,

Tiltad lava flows on Soldier Cap must reflect a perlod of slight
daformation subsequent to their formation and can, in all probadbility,
bz assigned to one of the later episodes in the structural history of the
mountain mass,

Faults

Faulting has bean ons of the major processss in the structural
devolopment of the Osgocd Mountains from early in their history to the.
very recent, The faults fall naturally into two major groups, those formed
before the intrusion of the stock and those formad subsequent to its
intrusion, The pro-intrusive faults includs both steeply dipping normal



L8

faults and low-angls thrust faults, The post-intrusive faults are
gznerally steep, and most of them ars considered to have normal displace=-
mont, although scme may have large horizontal components,

ra-intrusive faulta

The earlisst faults of the pre~-intrusive group ars thought to bs
low-angls thruats, two of which are ropregented in this part of tha
mountains, Ona of these 13 on ths prow-shapad hill north of Hogshead
Caryon and brings rocks of group D upon rocks of group Bs Tha fauld
strikes mariy eest and dips to ths north at am angla of about 15 degreas,
The other, in all probability relatod to ths pama pericd of thrusting,
occurs at the north end of the map arza, It also strikes east and dims
gently to the north and thrusts rocks of group B onto thoss of group D,
Both of thcée faults ara delinsated on tha basis of discordant structurcs
on opposita sides of a lins of unusual contortion and occasional zones
of silicification and silicified draoccia, Tho southern thrust fault is
cut off by the intrusion and thus is definitsly dated as baing pro=
granodiorite, Ths other 1s cut by one of tha stezp-dipping fandts that
has boen tentatively assigned to the pro-granocdiorite group,

Several stezaply inclined faultis of major displacemant ars cut by
the contact of tha grancdiorits and thus definftaly pre-dats the pericd
of intrusion, Tha largast of these separates the rocks of group B frem

thoss of group D in tha scuthiwest corner of the aresa. At the ona placs

whers dire¢t measurement could ba made, tha fault dips 80° to tho 2ast,
ard 1is topozrarhles expression indicatss that it maintaina guch a dip for
nost of its mappod coursa. Ssveral faulis of lss3 magnitude strike into

tha contacts cn either side of the stock and ars cut off by tha intiusicn,
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The large contimous fault on the wost side of the range which soparates
rocks of group ¢ from thoss of group D is thought to bs also of pro-
intrusive origin, This is based on thz fact that it is vary steoply
dipring and nsar its north ond 1s cut by a small rlug of granodiorits
that is correlated with tha =main stock,

Tha numorous cross faults that chop up the rocks of group A in tha
scuthoastern corner of the map may also be pre-intrusivs, Notables mounts
of sccondary coppar minerals, prasumably derived from copper sulfides,
ara locallizod along them and at their intarsactions. Ths primary coppar
mirneralization i3 presumesd to be relatad to tha intrusion of the granoce
diorita, -

Post-intrusive faults

’ A major fault along tha sastorn edga of tho mountains is one of the
prozinent structural featurea of the area. In detail, this structure 1s
cenposed of a series of aechelon segments, three of which have bsen mapped,
and the south ond of cach overlaps the north end of tha adjoining ségment
on its cast gide, Tha southern extension of sach segmint stirikas oudt
undar tha alluvial terraces oa tha flanks of tha mountain whers its
axtension cannot be traced., This serdies of fault segmonts is mown
collectively as the Cetcholl fault from the Getchell mine whsrg onz of
th2 gegnants 13 axcoptionally well exposad in the op2n-pit mina workings
axcavated in the fault zone, It is younger than the granodiorite, for it
cuts across projections of tha ignaous mass, At the Getchell mina, the
fauld, aétually a complex fault zona, dips to the east at an averags
angla of 55" and attains local thicknesses of as much as 100 feat; Mach
of tha fa:lt zona comprises clossaly spaced shoars, but groat pods of a .
bluz gouge, hich measurs as much as 4O fest/éuick and hurdreds of foot

/
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ong, have besn mined for their gold content, Fumarous gubsidiary .
fzu;ts crlit off from the main gons into tha foot wall and hanging wall,
Th2 same fauld zogment so well exposed at the Cotchell mine is alaso
exposed at the Riley mine, both in the open~cut workings of the contact-
notazorphic tungsten dsposit and in diemond=irill koles put dowm in the
courss of tha development of tha tungsten ore. At this localily ths
fault zona is at least 200 feot wids (sso pi. L) and dips east at the
relatively low angle of L0 degreses, In the Pzcific prospect, north of
the meuth of Cranite Cresck, another segmsnt of tha seme fault is repre-

_sented by about 500 fsel of breccla, gouge, end shsared rock, Its avsrags
dip is estimated hora to bs about 60 degrees,

Tho Getchell fault shows avidence of a complex history, It ia

apparantly ona of sasvoral along which elevatiocn of the Osgood Mountains

.zs taken place, and, as such, has frequsntly been referred to as a
rangz-front fault, It is avident, hc:favex;, that movement on it alones
ray not have boen sufficient to accomnt for all of the uplift, In fact,
tha relationship of the foraations on opposita sidas are such as to
discredit much dowmard displacoment of tha cast side; limited exposurss
of limesions, hornfei.s s and granocdiorite to the east of the fault appear
to requirs a differant i‘érm of movemant, At ths Gstchell mine all
visibla flutings, slickensides, and linzar elaments ars escsentidly hori-
sontal, indicating that the latost movomonta wars parallsl to tha strila,

Rewaver, the production of Such a wideo zone of fracturing and bracciaticn
s2ens to inply a long period of succossive movements and vary likaly frse
wasnt reversals of direction of movement, Sume direct evidenca bears oa
tha long-contimucd actlvity along this fanlt zona2, Extonsiva xmdérground

.rkin;s at tha Catchell wmins hava disclosad sovaral andosita dikes which
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are badly sheared and altered dut which scem to follow iha trond of the
faull zons. The originel pesition of these dikes appears to have been.
controllad by &n early structurs which developsd into the Getchell fault
gona, The fault gone thus appearz to date at least from the time 61'
andasita intrusion. The most recont movement on the Geﬁchell fault is
not known, but a parallel break at the very southsast edgs of the mapped
area Sfrsata elluvinl fans and thus demonstrates the continuation of
faulting to the vary recent. Flate 12, A and B, shows the Cetchell
fault at the Ceichell mine,

A prominent fault that separatas rocks of group A from those of
group D in the southeast cornar of the map area is dbelieved to be a
split from the Cetchell fault, It is poorly definad, but tha topo
graphiﬁ expression Indicates a moderate dip to the eszat, and it Joiﬁs
the Getchell fault at an scuts angle near the mouth of Cranite Creak:

A recent discovery of gold minaralizadion related to this fault is
further indicatiem of its relation to the CGeichell fault zane, which
conta'ins gold at the Gatchell mine: '
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IGNSOUS KETALOWPHISH
Introduction

Fith the excoption of a few localities in the north part of tha
mappt;d area, all of the rocks which compriss the northern part of
the Osgood Yountains show effects of ignaous metamorphisme-metamorphism
directly related to the Usgood Mountains grancdiorita stock, The
amount, distribution, and character of ths metamorphic effacis re§ult
from various combinations of four factors: the composition of original
rock, the distance from the contact, the shaps of the contact togather
with its relation 1o the structure, and the accession of solutions carry=-
ing heat and new material from the magma into the invaded rocks. Although
the gramodiorits stock was the causs of the metamorphism, it shows very
few effects of the process, either in the form of assimilation and con'-.
tamination from the invaded rock, or endomorphic alteration rolated to
the solutions given off during the laast stages of consolidation, On
the other hand, the invaded rocks have been widely affected, the argilla-
ceous merbers being changed to hornfels, the calcarsous membors to
hofnfeh, tactite, or crystallino marble, and tho sandstonss to quartzites,
In a faw ﬂmas it appoars that the metavolcanic rocks also have be:n
affacted by the igneous metamorphism.

The contact-metamorphic aursols of the Oggood Yountains stock shows
tho effacts of both thermal and additive processes. The exact lins of
soparaticn betwean the two ia often very difficult to define, and 1t is
only in the pursr carbonatae rocks that conclusive evidence of metascmatism
can be obtainod., Very likely some materlal has bsen addéd to ths
argillaceous facies, but, from the standpoint of minaralogy, such addition
is not essential to the developmant of the argillaceous hornfals,
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Hstmaorphiém has affscted all the rocks in the map area to a greater
or lassar extent,and ccnsequently the distribution of ths metamorphisn
i3 shown m the goologic map only by regular rock symbols., (See pl. 2.)
In visw of ths widssproad affects of the contact action and the inability
in most instances to tracs a singls bed fro; the ccntact ocutward beyord
ths reach of metamorphic processes, it is difficult to evaluats the
4 factors listed above in order of thelr efiectiveness. However, in
ﬁ‘d.s arsa, with its ‘alternation of such diverse rock types as mudstone
or siltstons and relatively pure limestones, the original composition of
the. rock appears to be the major controlling factor., Whether the control
is the chemical differencs betwoen the clays and the carbonates or the
physical differencaz;ﬁ in porosﬂrty and femaability between two such |
divergent rock typas‘ is for tho mcment not considered. The genaral fact
remains that the motamorphic effects are vastly different in each of
these two rock types. Tha effect of distence from the contact is scne-
what hard to evaluate because of the unknown factor of the underground
distribution of the igneous rock, Whereas distanca from the contact is
undoubtedly an important factor bearing on the intansity of metamorphism,
othsr fac£ora are mora important in explaining the irregular and ancmalous
distribution of the contact effects., Structurs and itas relation to the
contact is parhaps the next most important factor after .original comr-
position, Lasky (12) noted in the Littls Hatchet Mountains that struce
tures played a very important rols in governing ths distribution of meta-
morphism, and he laid graat emphasis on ths pro~supposed greater pere
meability of rocks to emanations passing along bedding planes thsn
across bedding planes. It is not clsar whother Lasky refsrs only to
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metasomatizing solutdons or to sny emanations thal sorve to iransport
haa’c.; whather thaoy carry mataerial in solution or not., The effect of
structurs is difficult to demonsirate on a larga scals in the Osgood
untaing, becanse of the geometry of the stock and its setiing; Hata-
marphism extends out for distancee of from on2 to two milss north and
south from ths stack along the sirlka of the beds. On the east sido,
there 1s only a narrow gons of rocks belwesn ths stock and the alluviwm
of tho vallsy noor. On the weat, the matamorphism exfands for at least
a mile out from the contact and sppareatly across the structure, bub
the dip of the bads 1s into ths contact, end the spread ofmatéﬁcrphim- "
ray be explainadaa duz tomi:,ration of heat along the bedding up the

dip—a aimtim gven more conducive to thy flow of emanationsthan - T

Pt from tha ignocus rock psrallel to ths strika. m.aamallscale,
hwmr; the affect of greater pemwability and morv extonsive motam -
morphdsm slong ths strike than across it can be demonstratod at mmorous
localii.ies around tho edge of tha atoc!:;

Thermal metamorphism

In a gubject which incorporates as many differont factors as this
one, a systematic and understandable description can only be achicved
by reducing, so far as possidbla, the mumber of varisbles, Consequontly,
the dwcripticna in this section will deal with but ono type of rock
in twm, thus eliminatingomofthemcmplicaﬁngmiablmmd |
will be restrictod to tho effects on these rock iypes of thermal mota-
norphism without tha addition of ﬁmterial from the magra. ’



S5

Thermal metamorphism of the arpillaccous rocks

Approxinately 37 percent of the rocks of ths Osgood Mountains were
deposited as siltstones or rudstones containing scattered but minor
amountas of sand and calcium carbonate. The originel charactoristics of
thess rocks have bsen destroyed for the most part by the metamorphism,
but near the northern limits of exposurs of rock group D a few outcrops
of phyllitic ghale ars bslieved to rspresent the laast mtamnrphqséd
squivalant of the original argillaceous rocks, Ths exposurs of the
phyllitic shale is nearly one and a half miles northwest from the nearest
oﬁtcropaft.henunmwm: A fow small dikes in ths vicinity of ths
exposures probably have had little metamorrhic effects, Tho rock is a
ha:;d, thin-beddod,,ﬁssiie, phyllitic shale, dark gray in color with a
surface shaen which results from the developuent of very minuts sericite
flakes, VWhether ths phyllitization rssulted from a regional metamorphism
before ths intrusion of tha stock or from tha ignsous mastamorphism could
not. bo daﬁni‘aaly determinad., In such a finaly laminated argillaccous
rock the devalopment of saricits orientad parallel to the bedding might
resuld from mimetic crystallization, the orlentation being controllad
by mimite flakss of kaolin or mentmorillonite in the original shale, and
the growth ﬁf the ssriclits could conceivably be initiated by heat from
ths intrusion. These rockas, howaver, hava bean subjscted to considerable
diastrophism, and consequently may hava been phyllitized during deformation
and bafors the intm.tan of tha stock.

The first daﬁ.nita matamorthic chango that is without question ro=
latad to ths granodiorite stock is tha development of a hard, densse rock,
predominantly very dark in color and with only a very poorly davaioped
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foliation, Under the microscope, those rocks are sean to be composed of

’-a vary {ins-grained, nearly unresolvable mass of feldspar, quartz, and
gericite, Oval spots as much as 2 aillimatars in digmster result from
a slight local increass in grain size, togather with an increase in
amount of sericite over chlorite or biotite, (Ses pl. 18, A, B,) A
further advancement of tho process results in a rock which, on weathered
surfacs, shows a distinct apotting (see pl, 15, 4, B, C,), wharsas an
frash surfaces a patchy resinous lustre is ths only evidence of new
minsral developmant, Microscopical examination of these alightly more
spotted rocks shows that the earliest changes consist of the dsvelopment
of andalusile or cordierite or both as porphyroblasts in a very fine=
grainedma*.rix of clay mineral or alkall feldespar and quartzs, The
mdalusite has daveloped most abundantly in the dark carbonaceous rocks
and contains mumerous inclusions, which in more advanced estages of

'metamorphim bacoms ori...nted along crystal planes to form tne variaty
Immm as chiastol,te, Soms of the beds in which amalusite is extanaively
devoloped are callad andalusite hornfols, (Ses pl. 1, C.) The matrix
comprises very fine-grained aggregatds of a faintly pleoch'roic nica;
phich is probably an 1ncipiont blotite, sericite, alkali feldspar; and
‘quartzs opaqua inclusicns o Which are largely carbonacaous mattér, include
soss magnati ite powder and possibly 1manite,

Cordisrites predominatas in the great bulk of ths argillaczous
hornfels, and bacause of its characteristically weak power of crystallie
sation develops larga, anhedral, 1rregﬁl.arly ovold crystals which have
optical continuity but contain abundant inclusions of tho groundm.su;
(ses pl. 19, A, B.) 1In the incipient stages of metamorphism, cordierite

erystals may attain considerabls siza but have little power to clear

themselves of inclusions,
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Rocks belonging to this preliminary stage of igneous mstamorphism
'have boen found as far as 5,000 feet from any exposed contact, but it is
also trus that rocks of similar grada are found within 1,500 feet of
granodiorite,

Rocks of the sams genaral composition somewhat closer tbtha
contact—distances from exposed granodiorita of betwasn 1,006-3,000
fagt—show an lncrease in ths amount and siza of biotite grains,
Cordiserite porphyroblasts are prominsnt, but ths inclusions within them
are fowor in mumber and larger. Soms of ths rocks contain spots of
three separate and distinct kindsg (1) Clusters of partly alinad
biotite crystals forming oval spots which extinguish more or lass in
unison,  (2) cordiarite porphyroblasts that have cleared rims but a
central arca of inclusions still alined with tha foliation of tha
badding, (3) largs white spots of granmular quarts and feldspar, vhich

ypxresent locall areag of recrystallizsd groundmass essantially cleamd ‘
of bioctite, (Ses pls, 19, A, B, and 2C, A.) The sequance of formation
of the spots in ons specimen, based on ovariapping relationships, is
the biotite sogrogaticns first, cordierite second, and cleared and ro
crystallized areas third, The horizons which are richer in carbénaceoua '
matter have tha characteristic devalopment of andalusits (chiastolite );
but in this zone somawhat closer to ths contact most of the andalusits
is altere;i to sericita and 1s recognizable only by virtus of ths crystal
shaps and the arrangament of the inclusions. Ths completely sericitized

-

cors of the andalusite may be surrourded by a narrow margin of clear,
optically continuocus, muscovita., The significanca of tha aericitizafion
is not clzar but might repregent the affects of metasamatic activity

.suparposed on a prsviously thermal-matamorphosed rock,
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¥ithin 1,000 feot of the contact, a slicht advancs in the mete-
morphic grads is svidenced in the cordisrite-biotits hornfols by the
appaarance of small needles and crystals o amphibole and pyroxsne,
Some specimens from this zons contain a small amount of hypersthens in
small prisms in addition to blotite, cordierite, alkali feldspar, and
quartz. The andalusite-biotite hornfels contains, in addition to the
eorplotely serlcitized andalusite, inciplent porphyroblasts of muscovites
which have daveloped in the groundmass and contain abundant carbonacsous
inclusions, Most of these appear to grow from a coalescence of the
soricits so prevalent in ths groundrass, but may, in part, dbe due to
the addition of matéxial—-mtably K and Hgo0—~from tha granodiorite..
Spocimens 75 fact fram the contact are essentislly similar to the same
rock 1,000 feet awzy, except for the appearance of well-dsveloped,
but small crystals of feldspar. The faldspar occurs as small welle
formed crystals many of which show carlsbad twinning, and a fow show
zonal extinction, The optical signs and indices indicate that both
alkall feoldspar and a basic oligoclase ars presant in the rock. The
presence of aprreciabls amounts of scdium-bearing feldspar is suggestive
of the addition of material from the magma., None of the minerals formed
in the early stagss of reconstitution contains sodium, and this conforms
to the generalization that clastic,sedimentary rocks ara most everywhere
notably deficieont in thié eloment. Ths genaral grain size is somihat
larger; cordierite porphyroblasts are as muchx=s 2millimeters long, and

Rany of them are eleared except for a speckling of large well~formed
biotite crystals. The groundmass contains an abundenco of small incipdent
cordisrites about 0,02 millimeter in diameter. There is still sbundant
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dust of carbonaceous materiml——possibly grarhite and iron oxides. A
foliate ax;rangerzcnt of biotite and alinsmat of inclusions is still
evidem‘;;

The most striking changs in thess rocks occurs within a2 very few
feet of the contact. The rock loses its essentially foliatse charac—
teristics, and ths average grain size increases to about 0.5 millinmeter,
The cordierits bscomas more squi-granular and forms the principal grounde
masg, but it still contains abundant well-crystallissd inclusions of
quarts and biotite, (Ses pl. 21, A, B.) Soms quartsz has boen introduced
along old bedding planas or in croés fractures. . (See pl. 20, B.)
Biotite is well crystalliszed and locally atiains a lengih of 5 miliimeters.
| Scna of the cordierita is altered to a saricite-like mica—-nost probzbly
phlogopite—and this reaction is attributed to tha affect of preunatom
Iytic golutions., It is evident, howevor, that the solutions, which per-
vaded the rocks at the tima these changes wore induced, wers carrying
no great quantity of elements which would react with the compeonents of
the hornfels. There 13 no evidence of tho introduction of borates,-
fluorides, or chloridss, and‘ the changes can be explained simply by the
activity of water alons plus parhaps the addition 51‘ su2ll amounta of
potash and silica. _

In goneral, the progrossive changes which occur in the argﬂiacaous
_ rock upon gpproach to the contact are very gradual and, in the agrregate,
hot very profound., From the first appearance of cordierits, andalusite;
blotite, and sericite at a distance at lsast 5,000 feet from the nenrest
exposure to within a few feet of the granocdiorite contact itself, thero are
S3sentially no new minerals formed but merely a completion of ths re-
Srystallisation already started., The local production of a little pyroxsne
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nay be attributable %o a varlation in originsl composition, and the altera-
tion of andalusita and cordierite into micas may be attributad to
pns:g.'natolysis. ‘The thermal metamorphism 1s asssntially of low or low-medium
gra:;a.. At the contact thers is a very nerrow zone, probably avsraging

less than 5 feet wide, in which fsldspar sppsars as a new addition to the
minsral aasamﬁlags. Notably missing are such minerals as gamet,
sillimanite, and hypsrsthene in any aprraciable quantity., Biotite is
praserved up to the contact and is not destroyed to form faldspar;

_ixzphihols, or pyroxens,

Thermal metamorphism of the quartzites

Quartszites compriss over 20 parcont of the rocks in the northern
Osgood Mountaing, but only in a few places do they approach the gz‘ano-
diorite, and only at one place do they contact the stock. The graatest
thicknesses of quartzite occur in Rock groups 8 and C which are removed
from the contact or darsly adjoin it, Gi'oup D, the group of rocks
which surrounds the main intrusion, contains only narrow beds or lonses
of guartzite which are discontinuocus, Susceptibility of quaz;tzite to
Retamorphic change is intimatsly related to its purity. Under stralght
thermal, non~additive metamorphiem, pure quartz can only reczvat-#llize.
Hérevar, thae preseﬁce of a little ca‘rbonat.a or argillacecus material as
camant or as impurities will facilitate reconstitution with the COnN=
sequent production of new minerals, MNany of tha quartzites in the
Oag;)od Yountalns vary from place to place in purity and g,rada into
the beds above and below, Consequently, a study of progressive changes
in any ons quartzitic layor as the contact with ths grancdiorite is
approached is noarly impossible, Howaver, generalizations about ths thermal
Betamorphism of quartazits can be mads on ths basis of scatlered data.
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The gz'it’;ey quertzites of Rock group C at a surface distance of 10,000
feat fron the coatact bear ro evidancs of ignecus metamorphisa, The
quartz is in rounded grains chowing no recrystallization; the 'camx_:ting
material 1s slightly chasged, sericita having developed and 2 little car-
bonate having recrystallized, but no more than could be explainod by normal
diagenesis and slight regionsl matamorphiem. At 6,000 feet from the
contact an impure qusrtzite that was initially quite cslcargous has been
changed into a rock compesed of 50 p&c’enﬁ quartz grains scattered throughe
out a mat of fibrous pyroxene., That this rock was so intonsely matamor-
thosed by granodiorite 6,000 distznt is suspact, and the presence of under-
lying 4gneous rock is considersd to de the resson for the change. Somawhat
nearer the contact (4,700 fest) a narrow lens of wory fine-grained quartsite
has beo.n 8lightly racrystallizad to a mosalc of Interlocking grains which
average 0.05 millimster in dianeter. The recrystallization of the quartis
is associated with the development of a faw small clusters of tremolite
and ths recryataili;aﬁan of rosidual carbonate. A pure quartzita st
3,700 feat fran the contact has been completaly recrystellized into a
noaaicor quartz grains that rangs from 1 to 2 millimatars In diamoter.
Hﬁch of tha quarta shows strain shadows. The massive, pure quartzite of
‘Rock group B in the angle between the two faults on tha back slope of:
Hogshaaﬁ Peakt has been mich brecciatsed by pre-granodiorite defomation;
- This quartzite breccia has been recryatallized and recomentad into a
solld quartzite in which tho original rock fragmenis arv ropresaanted by
a Sanevhat Iinerhgre;\ined mogaic than ths rscrystallizad interstitial
matorial, This compléta recz'ystallizat;ion of tha quartzito took place
about 1,000 feet from the aontact;
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Cherts, which cemprise about 5 porcent of the total section, may |
be considered a specisl type of silicsous rock akin to quartzita,
Thesae rocks, originally chalcedony, ware especially vulnzrabls to re-
erystallization, and even undsr mild regional metamorphism were trans-—
formed to a fine mosaic of quarts. One chert, at 5,000 feet from the
stock, is composed of a mosaic of quartz grains 0;05-0.1 nillimeter in
diamster with soma intsrstitisl sericite and chlorite., A faw larger
euhedral quariz grains may be 8strita1 but could just as readily re-
sult from recrystallization, Much of the rock contains an abundance
of finely disseminated black impurities which are considored to be

 ecarbonacecus mattar. A few areas of quarts ﬁasaic ars cleared of all
impurities and are baelieved to represent areas of recrystallization
under conditions of thermal metamorphism., locally a smil-scale
brocciation is evident which could result from post-depositional,
but pro-consolidational, displacements. This bracciation preduces
small-scale intraformational conglomerate.

An impure chert of similar position with regard to the contact
“shows, in addition to the features mentioned above, numerous small
augan of clear quartz mosaic only 0.2 millimater long, and many small
vainlets of quarts which n;'a contortad, folded, and often broken into
small segments which overlap ong anothsr producing a structurs which
Tegembles ptygmatic folding, This structurs also is attz*lbthd to
goneral diagenetic processes. In contrast to ths cherts which show
metamorphic offacts as far as 5,000 fest from the contact are several
chert layers between 2,000 and 3,000 feet of the granodiorite that are
8ssentially unrecrystallized cryptocrystalline silica with a grain size
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between 0.008 and 0.005 millimeter. They contain, in addition, a szall
gmount of opaque carbonacsous material, sericits, a littls clastic mica,

and other very fins-grained minerals,

Thermal metamorphism of limestones
Limgstones in the area compriaa approxim:;\tely 25 percent of the
saction, Their composition varies from neerly para calcium carbonate

%o argillacacus, and arenacecus limestons, Thoy grade into calcareous
shals and undstoﬁe through an increass in the amount of aréjlléceoua
or silicacus matter. Many of the limestons beds, however, are relatively
purs. The carbonate 1s pmdomihantly CaC0, 'rith__srery_ __littlg, if &y,

¥gCO5 and mo tma'/é;;omiiéé occur, The character and intensity of the
thernal metamorphism of these rocks varies widely with the composition,
Pure limsstone maintains its monomineral composition to fitbin a
few hundred feet of the contact, although the CaCO, is recrystallized
to a mosalc of calcite grains for a distance of over 5,000 fest from
the contact, Within a few hundred foet of the granodiorite the effoct
of additive metamorphism 18 evidenced by the development of new minerals
in great sbundance, but this phase of contact action will be dealt with
in more dotail in & later section. In contrast to the pura limestonss,
impure limestones ars readily and cbvicusly affected by the thermal
metamorphism and show the development of new minerals at considerable
distances from the intrusions, A rock comprising 50 percent quartz and
50 percent carbonats at a distance of 8,000 feet from any exposed igneous
‘rocks b’escentially unrscerystallized with no tondency to intsraction of
the two components. Within 5,000 feet of the granodiorits, impure
calcargous rocks have been metamorphosed to hornfels composed of granular



diopside, fins-graired quartz, and a ssall snount of fins garnet.
Howaver, the occurrence of a narrow velnlet of alkali feldspar in this
hornfels is sugrestive of the proximity to an underlying ignaous rock,

A rock leyer which comprises 90 percant of fibrous, sheaf-like, colorless
pyroxens, near diopside in composition, and 10 percent of quariz and
carbonate is thought to result from the mstémo:'phism of a tuffaccous
limcstoﬁe. The ecnly avidence for this is its occurrence in a series

of altered volcaniec rocks and recrystallized limestornss., Apparently

the composition and proportions of the materials in tha originzl rock
were favorabls to nearly complete reconstitution,

.A somewhat more conclusive ex:mpls of tha effect of impurities in
limsstone undser thermal metamorphism i3 to be found in chert-bearing
carbonata rocks. A cherty limestons, comprising altornating beds of
pure CaC0, and impurs siliceous matarial each about ene-half inch in
thickness, has been slightly metamorphosed by the stock which is
L,000 feet distent, The carbonate layers ars recrystallizsd to a
g¢oarsar :niﬁs#ic .of caicite; tha cherty layers are also sﬁglxﬂy re=-
erystallized but, in addition, contaln small amounts of diopsids, and
at the contact of chert and limnstens layérs, eonsiderable diopaide
is formed, ]

| Effects such as dsscribed abowvo are to bs found in all limeﬁtonsa
within a mile of the grancdiorits stock excspt at the scuth end where
ths zons of metamorphism appeafs to be mich mors restrictsd. Around
the intrusive, within a zons which varies widely in width, but which
&veragss parhaps 200 feet or less, ths limestona layers contain an
~ abundance of the minerzl wollastmit;z. Diopaide occurs with ths
¥allastonits in many places, and a small amount of garnet is also formsd,
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The occurrence of wcllasonite sugpests a general absence of nagnesium
and iron in the original rocks. ¥ere thess elsrmenis present, such
minerals as tremolite and augits would develop, The development of
wollastonite at distances of 100 or more feet from the contact is
common, but in all such ecases thoe mineral appears o be formed frem
the reconstitution of material in the originel rock, The wollastonite
fallows bedding and develops most abundantly in siliceous layers. It
shows no cross~-cutiing rolations or control of development by'fractures
or other structures such as would indicate the addition of material
fron the magna, Rearer the contact, however, wollastonite has developed
from limestons through thae addition of silica, The details of this
dev*elé;nsﬂt ars roserved for discussion urder the scetion on additive
metaaorphism;

Thormal metamorphism of the volcanic rocks

The altered volcanic rocks of group C ars, for the most part,
little affected by the contact action of the granodiorits., Tha altarz—
tion to which they wars subjected has produced ratrograds minerals that
are akin to those produced by the advancing mtamai-pu‘xism of the gedimantis.
They thus show a tendancy to reach a state of equilibrium with ths an=-
viromzent at the tims of ignecus metamorthism. Furthermora, most of
the volcanics ars 8o far removed frcm the contact as to be within the
gons of orﬂy 1imited thamal eﬁ.‘octs. Eowever, in a fow places a
granoblastic mosalc texture appears to have been superposed by the thermol
metanorphism upan the altered volcanic text.*:xra. Ho new minaral species
ware developed, but recrystallized forms of the old were .produced, and
the fine-grainod alteration products ware clsared from the larger crystals
and concentrated in the interstitial spaces,



Additiva metanorphisn

The term additive metamorphism as used in this péper is synonymous
- with pnaumatolytic contact metarorphism or pyrometasomatism. The
workers who have mads significant contributions toward an understanding
of this process are too nurmerous to mention, bubl of speclal impormm
are the fundamcntal studies made by Barrell (13), Lindgren (14),
Goldschnidt (1S), and 3skola (16).

¥ | mry’small proportion of the rocks surrounding the Osgood Nountains
stock conclusively demonstrates the effscts of additive contact actlon,
For the moat part, tha saddition of elements to the country rock is best
shown in the limsstones and impure limestonss immsdiately adjacent to
tha ignecus rocks, However, it seems probabls that soms material from
the magma was introduced into all types of ths country rock and possibly
to considerable distances from the contact, ¥%hers emanations from the
granodiorite penetrated the argillaceous rock, tho amount of introduced
material, most likely silica and alkalies, was genesrally small, and of
such a nuture as to lasave no evidencs of its magratic origin; In the
limestones, on tha other hand, contact action has producad distinctive
mineral assemblagss whose camposition i\mpliees the addition of considerw
abla volumss of material from th? r;\agna. In fact, the vory pronounced
mstasonmatic effscts in the limatom and tha genorally feeble evidence
of such a process in other rocks suggest the existencs of special cone
ditions irharent at the limestons contact which localizes metasomatic
activity., The possible reasons for such control will bs discussed later,

Bherever limestons adjoins the grnnodioriie, a reaction zone has
been formed that ranges in width from a few inches in soms places to over
200 feet in others. In most places, the pnsumatolytic contact sone
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¥agnelite, pyrite, chalcopyrite, and bismuthinite occur locally a&s grains
or irregular patches. Schezlite is scatlered throughout most of the
tactite and at several localities occurs in sufficient abundance to make
tungsten ore, The outer limit of the tactite sons may be irregular in
outline, but ths actual contact with the zone of light-colorsd asilicates
is pearly always very abi'upt.

The light-silicate zona, localed between the tactite and the un-
replaced limostcne, consists predominantly of the silicates wollastonite
and dlopside, togather with recrystallized carbonats and quartz. Some
introduced quartz in sxcess of the amount necassary to react with the
original calcite 1is usually present. This zons, in contradistinction
to the tactite zone, is called the lighi-silicats zono.

Proagecting and mining operations for tungaten ore have opened up
the contact zons for inspaction at ten or mors localities around the
periphsry of the granodiorits stock. XNore dstailed studiss of the
linsstone-granodiorita contact phenomena have be‘en mads at several of
fhesa exposures, and a bestter understanding of tha procssses has been
obtained therefrom, Seva':n; of the mors important of these localities -
will be described in Some de%?ﬂ. |

The Richmond mine area is located at the northwest corner of the
gz-é.,nodiorif.e stock nsar tha crest of the Osgood Mountains and ia
localized along the contact betwson a seriss of limastona beds, which
lgg,ra};ate over 900 feet in thickness, and the granodiorite. The lime-
stones have a steep dip to the east and atrike directly into the contact
of the grancdiorito which is itself nearly vertical, The specific featurcs
of this deposit that are of value from ths standpoint of contact studias
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'roduced against the granodiorite congists of two partss an innsr facles,
which 13 composed predominantly of dark-colored silicates, with rolativaly
gharp boundarias, and an outsr facies composed of lighi-colored silicates
which fades off gradually into unreplaced, but recrystallized, 1imestonas,
Tha dark-silicate zona is composed predominantly of gamst with lesser
aaounis of epidota; diopside, calcita, quartz, and small quantities of
other minsrals, locally scattored grains of iron and coppar sulfides and
scheslita aro present, Thls inner zons of dark silicatas is thought to
ba the typs of rock to which Hess (17) originally applied the term tactite,
and, in this report, ths term tactite is used synogymously with darke
silicate zone, Tha tactite is gsnerally coarse or medium grained, but
ths grain size may vary much within short distances, both along the
bedding and across it. Huch of ths tactite appears in hand spscimen
to be vary massive, but under the microscops it is found to comprise a
tightly intsrlocking mass of garnst grains which rangs from 0.2 millimetar

to 2 millimgtars in diazﬁat-ar. Zonas of coarsa-grained garnct ars asso=
ciated with coarsely crystalline whits calcits,and individual camet
crystals may attain 1 centimster in diameter and may develop nsarly pere
fect cz;ratal shapa, The garnal rangss in color from a light honey-ysllow
to a deép roddish-brown and in eomposi‘t;ion from nearly purs grossularite
toa t.ype containing at lsast 50 percent almandite, All of it is
birai‘ri_ngent and highly zsoned, Bpidots is abundant only locally but

in soms arsas replaces the garnet as the predominant minsral, Diopside

occurs gparingly in most of the tactits and in some has been altered to

e T

, ACT/vel r=
a fibrous minaral——probably diallage or fibrous amphibols, Orthoclase

and small amounts of plagioclass occur sparingly in soms of the tactite, '
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are the facts that ths lirmegtones striko directly into the contact and
that they can be f.raced from unreplaced material directly into the contact-
metamorphic sons,

FPlate 3 Béxows tha geological relationship at the contact and the
distribution of the inner zone of tactits. The most obvious featurs is
the definits restriction of the tactite to contacts of limestone and
granodiorite and its localization with regard to tl;e contour of the
contact and the restricting influsnce of non-limestone beds. Altogether
spproximately 1,000 teef._gf limestons adjoins the stock in the Richmond
area, but the centrz;l 350 .teét i5 covered by vallasy f111., The main
mining operations wers located at the east end of the contact. Bers,
the inner sone of tactits is a semi-iabular mass 210 fest long parallel
to the granodiorite contact and nearly 35 feet wide. It is terminated
on the east by argillacsous hornfels and on the west by a silicsous
hornfels, Ths tactite on the west side is more extansive, hmgular;
and, in soms respects, less easily studied because of poorsr exposuras:

The salient feature of ths additive mstamorphism in the Richmond
mina area is the somal arrangemoent of the metamorphism, The most
prominent zons is the tactita, which locally attains a thickness of
175 feat and maintains an over-all uniformity that is remarkable, The
. rock comprises ganmt; which makes up from 80-90 percent of the voluga, -

residual carbonats, s fibrous pyroxena thought to be diallage, inter-
atitial quartz in a very small amount, small irregularly distribgted
veinlats of an orthoclass with a small 2V, a fow gcattered grains of
iron oxides, pyrite, chalcopyrite, and scheelits in amounts up to 1 per-
Cent by weight. The garnst forms masaive aggregates of small interlocking
| grains with irregularly disposed areas of white calcits containing
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euhodral dark-brown garnet crystals as much as 1 centimeter in diametler,
(ses Fl. 16, C.) In large exposures, the garnstits shows a layering of
finer- and coa;-ser-;gmincd faciss that corresponds to the bedding of the
original limogtona, The disitribution of white carbonate-rich layars,

in peneral, follcws tha same structure, Other minerals are distiributed
at randem, with the peasible excsptian af the scheelite which favors the
maéai_va tfiner-in‘aimd garnal aggeresgates over the coarser garnet facies

~ of the garnet-calcite mixiures, Only in a fow places is scheelite foﬁnd
in the calcite, ‘

The contact of the tactits and granodiorite 1s a tighily welded
Junction markad by a relatively narrow zone of rather intense silicifica- '
tion, Masses of vein quartz 6 inchés to a feot thick are irregularly
disposed along the contect, and vugs econtaining quarts crystals up to a
foot in length have been found. Soma of the tactite is replaced by
quartz for a few inches frem the contact,and small veinlats of quarts
cut into tha granocdiorita, The qnartz is vesry evidently connected with &
somowhat later pha;aa of the conltact activity and is not unique with the
Richmond area, but the veln~like character and vuggy structurs wore
roﬁﬁ anly here, No scheelits or sulfides ars associated with ths lats
wwarts, ) | .

The cutor limit of ths garnatite zonz is sharply dofined. Complotely
dsveloped tactite, similar in all respacts to ﬁxat adjacent to the
granodiorite, occurs at the outer edge of tho zons, Although the bedding
at the Richmond mine sirikes directly into the contact, and ths beds show
distinctive » oven though small, differencas in thoir characteriatics;
there 1s no evident bedding control which affects the cuter limit of ths
tactite,
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A zone of lirht—colored gilicetes and incompletely mﬂaceé carbon;z.te
edjoing the tactite on its ocuter edge and grades outward throuzh a gone of
variabls widﬁx into normsl recrystallized limsstona which may contain
occasional silicate porphyroblasts. The bedding conirel of replacement
and reconstitution of the light-silicate zons is evident, At the
Richrmond mine tho rocks immediately beyond the tactite ars lighl gray

and dark-blus gray, partly replaced, crystalline marbles interbedded

with very white layers of mllastonite and fine, granular dlopside. It
is notable that blue-gray marbls, campletely recrystallized but not

" complately bleached, is intarlayersd with bleached marble and silicated
marble, MNost of the layers ars of the order of 1 to 4 inches thick. In
diopsids-wollastonite layers the wollastonits occupies the canter of the
layer and grades into a narrow border of finely granuler diopside, (See )
Pl. 16, A,) Paraganctic relations indicate that wollastonite formed
first, =nd that the diopside replaces both it and the crystallins car-
bonate, Vollastonite is thoe only silicate in the sequence of recrystal-
lized limestones at greatsr distances from the contact. It seems probable
that additive metamorphism sccounts for the diopside through the intro-
duction of magnesium, wherzas the relatively sparse distributlon of
wollastonite in the marbles mors rsmoto from the granodiorite can be
expla.ined a3 sirple reconstitution of mataria.l in the original rock.

The relationship of the tactite to the shaps of the contact is
noteworthy, especially with reference to reasons for the localization of
the larger volumas of such rock and tha concentration in it of the
scheelite, Reference to the map (pl. 3) of the Richmond area shows two
ralations that may have significance in this regard, The east-side
tactite body is bounded on each end by argillacsous hornfels which are
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denss, imperviocus, generally non-rsactive rocks end as such serve to
form, with the granodiorite on the south, a chamnel of localization,

The tactite cn the west side is formsd in 2 reentrant in the grancdiorits,
In such & position the original limestone was partly enclosed by the
igneous rock and subject to more intense motamorphisa than if it were

not 8o aenclosed, A summation and evaluation of all such factors which
night affect the formation of these motesomatic rocks will be given later,

The Riley mine, located on the east sido of the northern locbe of the
stock, affords soms of the beat -exposurea of rocks formed by additive
metancrphism to be found anywhere in the district. In tho course of
mininz and exploration oparations, the contact Sas boen exposad for a .
strike length of nearly 2,000 fect, and data on its position and character
have been obtainsd from drill holes to 2 depth of 800 fest down the dip
of the contact. In its largo-scele features, this area conforms to the
general pattern elsswhere in the district, bul it contalns certain dis-
tinctive features that add to an understanding of the mode of origin of
this type of deposit,

Flate L s & map and cross sections of the Riley mine area and fllue
strates the general geology of the deposit., The feature of this deposit
which contrasts mozt strongly with the Richmond mine ares is the genera}
perallelism of ths bedding and the contaét. Local contortions of the
limestone and angles in ths gramncdiorite contact produce variations that
Plzy an effective part in localizing the metemorphism, The country rock
is essentially limastone with a few interbedded layers of srgillitra:

The strike of the limestone-granodiorits contact is genarolly north, and

the dip 4s from 30°-60° to the east. Thick-bedded, medium- to coarse-grained,
dlus-gray, pure limestons and thin-bedded, platy, fine-grained, impure lime-
Stones, ars essentially parallal to the contact;
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Ths two matamorphic gones, the tectite zone and the n_dib;silicate
zone, are developed in this locality, but the relations;hips of onzs to the
other are somawhat more complex than at the Richmond mine, A band of
tactite fram 3 to 20 fest thick is present against the granodiorite along
most of the contact., The hfllsidas slope gontly in the same direction as’
-the dip of the contact, and the outcrop width of the tactite zone is much
grester than its trué thici:ness. ~ Topograrhic irregularities .1n combinge
‘tdon with irregularities in the granodiorite contact give the tactite zome
"2 sinuous cutc'x;cp pattaxix. As a general rule, the sons of tactite was
formed against the granodiorite or very close to it, In some places,
however, f.n'o prominent tactite layers occur, one against the granodiorits
and another about 30 feet from the contact and separated from the first
by un=ltered limestane. ‘

The tactite zons is somewhat mors heterogeneous than that of the
Richrmond arca and comprises gones, pods, and irrsgulsr arcas of different
.nineral agsorblages which are not interrslated in any systematic fashion,
Red-brown, medium~ to coarse-grained garnst forms the bulk of the tactite
in much of the area, but even where it is most sbundant, the garnat rock
is interlayersd with garmoet~pyroxens layers which have an olive-~drab hus
and a finer textura. The garnct ranges in color from mediwm brown to
very dark reddish-bromm, It occurs as well formed interlocking grains
and includes within soms of the crystsls small, scattered; individual
grains of scheclite., Assoclated with the garnet~rich facles are scattsred
‘grains of pyrite and chalcopyrite. In some places, ths sulfidss may make
up as much as 30 psrcent of the rock, and it is notable that such sulfide-
Tich areas contain a larger amount of the fino-grained scheelite., Large,
scmewhat localized aress of the tactite comprise a green pyroxsng, samewhare
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betwaen diopside and hedenbergite in composition, assoclated with a
dark-gray very glassy quertz. The quariz occurs 2s large, clear, glassy
grains vhich include numerous smell and largo pyroxsne crystals. The
vhole rock has & poikilitic texturs. The diopsids~hedenbergite occurs
botl} es small graing 0.2 millirmeter in diameter and as large crystels

as much es 3 or L millimeters long., Assoclated with these predominant
rinerals are irregular residual crystals of gémet, some carbonate, local |
concentrations of sphalerite, molybdenite, pyriie, bismuthinite, and
schaslita, The scheelite cccurs in crystals and groups of crystals that
are considarably larger and better formed than thoss in the garnst-rich '
facles.  Fhereas small asmounts of the quartz-pyroxens rock are to be
found throughout the tactite, the larger concentrations of it are located
against the contact; The textural relstions of the minersls, the
&sserblages of coarse schealite and sulIides; and the spacial relations
of the materdal suggest that this typs of rock originated by replacement
and reconstitution of the previocusly formed garnet tactite by the action
of mineralizing solutlons subssquont to the deovelopment of ths garnst,
These relationships are somewhat analogous to the late stage influx of
8ilica at the Richmond mins. Reasons for the greater spread of quariz
roplacemont at the Riley mine ss contrasted with the narrow sone of
g8ilication at the Richmond are open to Speculaticn;

* A unique feature of the Rilsy deposit is the nearly universal
occurrence of a gons of schistose biotite hornfels between ths tactits sone
&l the granodiorite; This zone ranges from less than & fool to over 10
or 15 fe.et in thickness. ¥here thin, the material is a relatively soft,

-

Maty or foliated rock containing fine biotite, quartz, and some feldspar,
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Irregular tongucs of the granodiorite projsct into this zone at some
places. Tho contact with tho tactite is wsually quite sharp and parallel
4o tha follation in the schistoss hornfels., Structural rolations preclude
tha possibility that this laysr is a definite bed in ths sedimantary
sequencs., The contact has a muiber of sharp reentraznt angles and locally
cuts sharply across the bedding for soms distancs, and where this occurs
the schistose horafels follows the contact across the strike; Fons of
the several hypotheses considered to explain this feature saems adaqua‘be;
Cns possible oxplanation that fulfills more of the requiramsnts tham '
others, 1s for the aschistose zons to be a mstasorphoused shsar zone or
gouge produced by gdjusiments along the granodiorite contact befora the
completion of mstamorphic act.ivity;

" Tho contact of the tactits and tha licht-silicate zona is locally
as sharp as at ths Richmond area, tul in its larger exprassion, the |
1ins of saparation is wuch more irregular. Aside from the main zons
of tactite along the immsdiate contact of the stock, there ara two,
and in some places, thros zones of tactits, usuzlly parazllel to the
bedding, and separated from each othsr by zones of 1light silicates and
unsilicated marble, These sevaral zones strongly sugpest & very pronounced
bodding control of mineralization and will be discussed in mors detail in
the paragraghs on reasons for 1ocalization; -

The light-silicate zone is extremsly varisble both in extent and!
degrea of devslopment,. In the thin-bedded, impurs limestones, ths altcr«-;
nation of thin layers of nsarly purs wllastonitas with thin, unreplaced
Ali_':astona beds suggests that the original composition of the beds was a
major control in loczlizing the matzzorphism, This control may have bsen

in part composiilonal, and the wollastonite may have resulted from recone
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stitution of matsrisls slready in place. lore likely the control was
goms such factor as psrmsability which gave the metasomat;zmg solutions
easier access to certain laysrs than others, ZAssociated with ths
wollastonite. and rosidual carbonate is a small amount of diopside and
a fow other related minerals in very minor amounts. lLocally, especially
in the more massive, somswhat puror limestonss, wholesals replacemsnt of
calcite by wollastonite has occurred, and interlocking wollastonite
“crystals as much as ons foot long haw formed, Soms of these wollasto-
nite masses are 15 to 20 fost wide and extend along the strikes of the
bads for considerable distances. In many places the wollastonite rock
definitsly cuts across the bedding, and this sugcests that additive
metamorphism has played an important part in its dovulo;nent;

% major factor controlling the location of the silicate z2ons is,
of course, the Juxtaposition of granodiorits and lirmsions, Flates 2
and 4 show the relatively small size of the wedge of limsstons at the
Riley mina, The mine arva is bounded by the grancdiorite on the 'usat;
by faults on the norih and east, and wedges out againsﬁ the Gatchell
fault to the south, The wide variations in ths kind and mount of
silicats formad depends on the character of the limestons and the o=
lation of the siructure of the limsstone to the contact. GCood tactite
has developed whers the rather massive, granular, purs limestons adjoins
the granodiorltejy little or no tactite was formsd where the platy, thin-
bedded, impure limestons is present at the contact, The granodiorite
contact is nowhera precisely parallel with the bedding of the limestons
for any graat distance, end the tabl@ taclite bodies play out laterally

or down dip whers unfaverabls beds ars brought adjacent to the contact zone,
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The structural control which has most effectively localized the large
znsses of tactite (the scheaslite ors bodiss) 4s the occurrence of
right-angle turns in ths granodiorits contact, whare the igneous rock
cuts sharply across the limsstona bedding for a short distance be?fora
resuning a coursa mors naarly parallsl to ths bedding., Ths aharp: bends
or Jogs of the ccntac£ ere always in the sams direction, such that the
rain granodiorits contact lies farther east, south of the offset. Thess .
offsets create trough-like features which plunge at an angls of sbout
L0® in the direction of the genoral dip of the contact, Tactits
‘localized by tha troughs tends to bs relatively limited in surface
outerop, but it oxiends down the dip as elongats shoots, ¥here the
.granodiorite contact cuts across tha badding for considerabls distances
there is opportunity for several favorable limestons layers to strike
into it, in which case more than one layar of tactits may form, with
unreplaced limastione between them,

 The Eirdby mine, located between the two lobes of the granodiorite
intrusive, illustrates another occurrence of the tactite zons in a
place where it is well devalopsd. (Ses pl. 5.) The structure of the
sedimentary rocks in this arsa is complicated by much folding and
crumpling of the limsstonzs and argillites especially whsere they adjoin
ths contact. (See pl. 13, A.) Tactite occurs on the contact in roughly
tabular bodies which are nearly parallsl to the slope of the hillsids,
¥ost of the wids, prominent outcrops shown on the maps, therefors, rap-
ressnt only small Qolumes of material; The large tactiis boiy; which
was renoved durding nining, was a tapered; pendant~14ks mass of replaced
limestons vwhich projscted downward into tha granodieorite at ths lower end
of ths tabular tactite layers, Cranocdiorite bounded the pendant on its

sidos and bottom znd furtharmore clesad arocund ons end,
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Tactite at the Kirby deposit is in most respects very similar to
that at ths Richmond mins, and no spacial features of minsrelization
wors noted, Of interest, howaver, ars two features of the localization
of the tactits, Ons 4s ths najor development of tactite in a trough-like
structure in the granodiorits, and mother is the hizhly crumpled
charactar of the limestones in this irough and the fact that the develop-
ment of tactito appears to bs controlled by the badding, even when
crumpling is falrly intensa. This latter feature is espscially well
shovm at the oulter limit of the tactits zons where tha contact batween
tho tactits and the 1light-silicate zone follows a highly folded layer,

Somevhat different matamorphic effects obtain in the vicinity of
the Valley Visw mins., (Ses pl. 6.) In its broad aspects, the Vallay
Viow éccumnca is similar to that at ths Riley minej; the sediments are
limestons, both pure and impure, with soms intarbedded argillite, and
they are structurally nsarly para]l;l to the contact, Thers are, howsver,
no sharp irregularities in the contact,and the tactite zons is less cen-
tinuous, gensrally much thinner and comprises a éomhaf different
mineralegy. ',A narrow gona of garnetiferous tactits occurs along much of
the contact, but a zone of an unusual hybrid rock separates it from the
granodiorits, This zone, generally but a few feet thick, spreads at
ons place into a mass nearly 150 feet squars, The rock is primarily a
dsnse diopside hornfols having a licht pray-green col:or, and containing
irregular specks, strsaks, and largo-scals segregations of a black
anshibale, luch of tha arphibole occurs in crystals 1-3 millimsiors
in dlamstar, but local segrogations of pegmatitic aspsct contain crystals
of anp‘ni‘aola a3 much as 2 or 3 caentimeoters long., Tha ccarser faclss are
asseciated with irregular stringers and blebs of granodlorits. Flate 17, A,

shows a spzcimen taken at the contact of grancdiorite amd the diopsids hornfels,
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The amphibols was determined as pargasite, and its mode of origin ip
woll exozplifiod in thin section whore it 15 ssen to be definttely
porphyroblastie, lany pargasite crystals include myriads of small
granules of diOpsid\s, quarts, and feldspar, which ars to bs found in the
hornfels, Certain parts of the hom.fels—-pamapa nors argﬁ.laceous than
‘ o'dwra--contain snall crystals of blotite in place of diopsids, and

whera pargasite has davaloped in these rocks, an area surrounding the
porﬁmab;ast has bosn cloared &f biotite, (Sea Pl. 23, A) It i in-
ferred that éhe components of tha biotite were inccrporatéd in the
axr;hibole.

Accompanying the devolopmant. of thase unusual contact rocks, are
cartain extraordinary featums. within the granodiorita and at its
immediatse cont;ct. In retr.ospeot, it may be recalled that generally
spasking ths granodliorite boundaries are sharp and distincty thgt fsw;
if any, inclusions of country rock are to be séen; and that littléﬁ change in
the composition of the igneous rock is to “be noted on approach to ths
borders. In ths vicinity of the Vallay View mine exceptlions to thess
gsneralizaﬁiona ars the ruls, 7The contéct from granodiorité to hornfolg
is gradationsl, usually ovar but a few feet, but locally over ssvér.l
tens of feet, Diopside granules, interprsted to bs residual from
hornfels, are enclosed in feldspar in the granodiorits; porphyroblasts
of goned plagloclase (sse pl. 24, A), quartz, and amphibols havs developed
in the diopside-feldspar hornfels for a distance of soveral fest from
holocrystalline, hypldicmorphie gramular grancdiorite. Xenoliths aof
hornfels in all stages of raplgeerant by granodiorits are to ba found
(see pl, 17, B), but thasa ars restricted to wit thin 10 feet of thes

contact, Isucocratic dikeleis of rrancdiorits cut the hornfels and
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amphibole-rich gones and are distinctly later than the development of
mich of the contact motamorphism. The origin qi‘ the loucocratic dikelats
by metasomatic processes is suggestsd by certain of their relationships
to the wall rock, Yurther evidsnce of the effoctivensss of metasomatizing
golutions in changing the wall rocks into a composition similar to that
of the grancdiorito is the development in the partly rocrystallized
hornfels of sphens and apatita, Also of interest is the occurrsnce of
radio-haloes in é;arsely crystalline pargasite of the hybrid sgone, These
haloes are embryonic, poorly defined, and appzar to surround a mineral
that was included in the pargasits porphyroblast during its growth,
Although evidence for the replacement of country rock hornfels by
amaz:tations from the mapms is feirly positive at this locelity', the extent
of ;ﬁch activity is limited and the over-all effect is insignificant
with respect to the smplacemant of the st.ock;

The granodiorite likewise shows spocial features at this locality,
iside from containing inclusions of dlopsids, the ignasocus rock 1s de-
ficient in the usually abundant biotite, and the remaining shreds of
biotite have basn partly altered to pyroxzne. Pargasite is abundant;
but it in twn is partly replaced by pyroxane. Such changes may result
from the incrsasing basicity of the igneous rock upon incorporation
within itself, by one process or another, of excess calcium and magnssiwm
from the diopside homfels; Such contamiration appzars to result in a
raversal of the normal sesquance of Bowen's raasctlon ssrics, Lats~§ﬁasa
solutie;m havs produced scna soricitization and soms kaolinication of the

f2)dspars,
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The evidenca at this loczlity sugpests the following scgusnce of
evonts: (1) EBarly production of diopside hornfels by granodiorits in-
';b.v*usion; (2) & rojuvenation of igncous activity, and the inéorporation
of part of the hvomfels in the border szone of the intrusion with the
concamitant production of ihe anphibole zonej (3) injection of leucocratic
derivatives as veinletls and dikelsts followed shortly by further contact
action assoclated with addition of silica and soms iron to produce thé.
garnetiferous tactite zone with which is associated the sulfide and
tunrsten mineralization,

The Cranite Creek mine, at the south end of the south lobe of the
intrusive, illustrates unusually wsll the faaturés of the tactite zone
and its relationships to the contact. In the course of both underground
and open~plt mining, the dsposit has been opened to a depth that exceeds
its length and affords a chance to observe the downward projeciion of
the tactite. As at the Richmond and Riley mines, the feature of special
intsrest al the COranite Creek mine is the control of the mstamorphism by
special structural condiiions at the contact, in this case, the occurrence
of limestons beds in reontrants in the granodiorite,

Plate 7 shows a part of ths south contact of the granodiorite stock,
Flate 8 is a detailed map and section of the Cranite Cresk mine area and
i1lustrates the major features of the most imporiant ore deposit. The
sodimentary sequence conteins an sabundance of limestones and impure
limestones which strike into the granodiorite at an angle of approximately
Lo* to the general trend of the contact. Additive contact-metamorphic
effects are present to soms exient along nearly 2,000 feet of the contact

sxcapt at places where occasional argillacecus leysrs occur, but it is



&2

.vident from the distribution of the tactite as illustreted on plats 7
thét speclal conditions obtsin at ceriain places along this contact and
locelize the larger volumss of the tactite, ﬁg light-silicate gone
forms an irregular halo extending beyond the taﬁtite for different dis-
tances in different places, and the intensiﬂy of the metarorphism seams
to be controlled by the be;iding. At the outer limits of the sone, the
metemorphosed limsstore tends to fade out gradually into unaltered rock,
‘The most notable festure of the contact in this locality is its irrepgu-
larity. Mumsrous projections of leucogranodiorite and dacite extend
soulinvard from the main dto;k into the sedimentary beds, some a8 narrow
dikes for as much as 600 to 1,000 feet, but most as blunt prongs for
only & few tens or hundrods of fest, The larger tactite bodies occur
against the granodioidte within the limestone reentrants enclosed by |

.a grancdiorite projections, The Granite Creck mine tactite body is
the best exampla of one of thess and will be described in more detail,

It ie notable that very little tactite occurs along the margins or at
the ends of the dikes,

The tactitz at the Cranite Crezk mine occurs in 2 rectangular
reentrant, 230 feet long, in the granodiorits contect. Limestone in
the reentrant strikas parallel to its lengih and dips 55°~60° zouthe.:{st;
parallsl to the dip of the contact. OGranodiorits thus borders the deposit
on the fool wall and at each end. BMuch of the tactits zons of tha contact
Betamorphic aurcols at this locality has been mi.ﬁed out from the surface
to a depth of 300 feet on the dip. The tactite in this tabular mass
ranged in thickness between 5 end 35 feet with an over-all averare thicke

559 of nearly 20 feet. Severzl smallar bodies of tactite lie in the
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hanging wall of the main mass and probably result from smanations working
out along more faverable layers from the cross-cutting granodim‘ifc.a Cofe
tacts at tha end of tha deposit:

The tactite zone in the Oranite Crcek mins is composed predominantly
of & dark rod-brovm birafringent garnet. The szcond most abuncant mineral
is black hornblende with & pleochroism formila X = olive drab, Y = greeﬁ,
Z = dark-blues green, This mineral is sbundant only at the Granite Creck
nina and may form as much as 40 percent of the tactite, though usuvally
it is in smallar amoﬁnts. Soms diopside, secondary carbonate, and a
1little quartsz cbmprisa the bulk of the remaining material. Vesuvianite
in narrow stiringers was found in this deposit, which, so far as is known,
1 the sols occurrence in the Osgood area, Scheelite, for which the
tactite Waéz mined, occurs in scattersd grains throughout the garnst and
usually enclosed in the crystals., Nining operations proved the ¥0u
_‘concentration to be about O.S percont by weight of the tactits which .
would maks the concentration of ths scheslitc sbout 0.62 percent by
eight or 0,3 parcent by volune, The tactite 1s banded parallel to the
;:edd.’mg of the limastons, The different bands are distinguished froa
each othar. on the basis of grain sizo and differencas in color which
depend on tho amount of black amphibole in the rock, Much of the tactite
is medium to coarss grained; irregular bands, streaks, énd discontinuous
layars of fins, densa garnet r.mify through part of the gone, and coarse=
to vary coarse-gralned segregations of garnst and white carbonate are
disparsed erratically through the mass, Occasional grains of pyrite
and chalcopyrits ars intersparsed througch the tactite, and a szall
amount of molybdenits occurs locally; Flate 16, B, shows a typical
spac:imn of Granits Crzak tactite,
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The contact of the“granodiorite with the tactits is marked by a
gone of intansa silicification which rangss from a foot or less to as
wuch as 10 feot wide, The silicifiled zone comprises a dark-gray, coarse=-
grained, vitroous quarts rock with ths textural sppearance of ths granoce
diorits, 1t is composed essentielly of an interlocking mass of clear
guartz crystals with scattered, partly roplaced crystals of pyroxens end
anphibole, Thore are also scattered euhedral crystals of apatite, sphens,
end a little‘ carbonate. Contact of the quartz-rich facies of the contact
rock with the tactite is gradaticnal over a few inches; with the grano=
diorite it is exceptionally sharp, being cbserveble in total in ons thin
section, In spite of the over-all sharpnzss of the contact with the
granodiorite, the relationships in detail indicate that the contact is
a replacement one, The origzin of ths quartz rock from grancdiorite by
rerlacenznt processes is indicated bys ths character of the contact
batwesn the quartz rock and ths granodiorite, ths presencs of residual
mafic winerals in the quartz which ars identical with the mafic mineral
in the granodiorits, the presence of tha accessory minerals sphene and
apatite in the quartz, and the grancdiorits toxture of the quarts rock.
Tha feldap‘ars ars cozpletely replaced, the mafic minerals partly so;
and the accessory minerals ars unaffected. A minor amount of replacement
of the tactite has vsery likely occurred but in no large smounts, Ths
influx of the silica to produce ths quartz rock raplacement is analogous
to ths dovelopment of the quartz along tho contact at the Richmond mins
and elsawhers in the district, Flate 16, D, chows grancdiorite and the

quartz rock derived frem it,
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The light~silicate zone at the Cranits Croek mins is developed on

g large seala, The most notsble fcature is a strong development of
contrasting light and dark layors, essentislly parallol to ths bedding,
gs tha result of the production of lirht—colorsd silicatea along certain
beds and ths absence of silicate minerals along others which ratain the
padium~ to dark-gray and blue-gray color of the original limestona,
(s0e pl. 16, A,) The light layers are predominantly wollastonite with
a minor amount of associated diopside and pyrite, and, in soms instances,
scattered strsaks, splotches, and individual grains of a very light
honay-colorsd garnst, Some of ths darker layers ars recrystallized
dark-cray limestons, others are dark-gray cordierite hornfels which
rapresent more lmpure argillaceous layars in the seriss,

| The paréllelis:n of the ﬁatamorphic layers with the bedding indie
cates that the variations in the minsral content result from recrystalli-
zation of sediments of &ﬁ.i‘famnt compositio.';s. Such is true, in part,
but the relations betwsen layers shows that thore has boen much intro-
duction of material along with the rocrystallization, In numesrous
instances ths wollastonlite layers convargs and replace the intermediats
dark layers, Elsowhers veins of wollastonits and garmet cut across the
bedding, and irregularly shapsd masses of essentially purs wollastonite
as much as 5 or 10 foet in dimmster replace the layered rock, lost of

ths wllastonita could be developed by tho introduction of silica alone,

Suanation of the ignsous mstamorphism
The {4zneous metamorphism of the sedimentary rocks surrounding the
Osgood Yountains stock displays two very distinctive » even though

closzly related, facies, whose distinciive features are dirzetly relstsd
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to the composition of the original sedinents——opecifically to the differences
botwaen clastic gsadiments and limestonos, Furthermore, the two facles

are believed Ato represent, in z broad way, the results of two different
types of igneous matanorphism—~—thermal mstamorphisn and additive mete-
rorphisn,

Thermal metamorphism was likely most effective during the early steges
of intrusion of the igneocus _rock when the temperatures were highest and
before gny grest volume of emanations were avalleble for discharge fram
the mag;um. The éountry rock was, in gl1 probability, partly heated in
edvance of the intrusion, either by virtue of deep burial or by an
advance wave »oi‘ heat from a subjacent magma., The coarse grain of the
granodiorite against the contact is incompatible with the concept of the
" gudden intrusion of the magma into cold rock. Fyurthermore, if the
temperature of ths country rock had been elsvated in advance of the
fingl intrusion, far less burden would have to be placed on the grano-
diorite to effect the metzzorphism we now sec, and the extensive pro-
duction of hornfels, quartzite, and rocrystallized carbenate rock ooulcgl_be
more eagily accounted for. In view of the experimontally determined lém‘ |
conductivity of heat through rock, it seems necessary to call upon some
such process as géaeous or liquid transfer of heat to bring ﬁmut the
extensive motamorphism noted in the Osgood Mountains. It is believed
that gagseous or liquid emsnations, predominantly water, given off during
the early stages of the cooliny of the granodiorite; would be rather low
in reasctive elements and would be capable of transferring hoat and pro—
Roting recrystallization without leaving obvious traces of its presence,
In fact, the presence of water introduced from the magma may bhave been
- the catalyst nacessary to induce recrystallisation snd reconstitution 4in
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'ﬁhe partly heated rock, Soms beat may have been trancferred by the
circulation of connate waters in the aediméntary rocks, Evidence far
other than thermal metamorphism of ths argillaceous rocks is slight,
even at the contact with the stock, although & small amount of sodiva
and potassium appears to have been added to a sone a few feel wide
ageinst the grenodiorite, From thess fects, the inference is drauh_ that
thermal met..amorphism prodxiced recrystallization and reconsiitution of
the argillaccous rocks end thereby rendered them unreactive to later
metasomatizing sclutions, either because of their composition or
beceuse of their( incroezsed imperviousness resulting from recrystalld-
zation, Quartzito and chert ars affectsed by the sams general processss
gnd show little evidsnce of metazomatism, Id.meﬁones are racrystallized
to medium~grained, sugary marbles for long distances from the contact,
Yost of the carbonats layers ara blue gray in color and retain this
color in soms of the thin lsyers to within a few fest of the cont.act;
Experimontal evidence has ehown that pigmant in limestons mgy be rew
tained to temperatures as high as 600° C. bub not much higher,

In general, ihe thermal contect effects in the Osgood Hountains
ere of low to moderate intensity, and the relative chanzos on epproach
to the contact are gradual and not profound. Chiastolite, at a distence
from ths contact, contains the usual oriented inclusions which bec&:e
loss prominent closer to the intfusion. Sce of the argilliaceous layers
contain abmxdér;t carbonaceous matter which razains in the rock neerly to
the contact, elthough much of it may be converted to graphite, Biotite

in the argillaceous hornfols is enlarged but not replaced by amphibole

or pyroxens,
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In comparison vith thermal melaomorphism, additive mstemorphiex is
‘yeluretrically quite insiznificsnt, and is localized by very epecizl
conditicns, The most importznt of thass conditions is the resiriction
of the process to the contacts of gronodiorite with celcersous rocks
snd for the. rost part te contacts with relatively pure limastonas,

This control appsars te bs fundamentnlly & chemicel one. The carbonate
is easily reactive with the mztasomatiszing emanations from the megma

end fixes eny introducad eiemnts in new minarals of a density considerably
greater than thet of the cerbonzie rock, There $&s no evidence that the
totzl volums of the limsstone decreasss ¥hen it is zlterod to tactite,
and consequently the difference in specific gravity batwesn the limastone
(everage near 2,65) and the tactite (3+) must bs due to the introduction
of material from the msgna., The transformation of relatively pure lime-
'stone into tactite mecessarily calls for a largs introduction of zilica;
glumina, and iron with smaller amcunts of soda, magnesium, and the
elenents that make the ors minerals. Carbon dioxide end some calcium
mst be expelled, This pronounced motasomatlc offect is so resiricted

in its distribution, and the changes are locally so complete that there
rust be soms reason beyond thy mere chenical effinity of limestona for
other elemants to explain it. Bearing diractly on this problem is the
genaral pauclty of pegmatites, quartz veins, or other oro daposits oulside
tha replacemant contact arcas. It is a notable fact that the only
prancunced sscapemant channols for late mapgmatic rasidues and post—
Rarmatic enanations are thesae seme zones of coatact-replacement rocks—-
ths very rocks that are now the densasi, hardest, and perhaps ths most
inparvious in ths whals arsa. In addition to the common minsrals of the
tactite, these sones contain ths scheslits which makes them econcmically
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interesting, sulfidas of iron, copper, and bismuth, and concontrations
of silica. It ssems inevitsble that these tactite gones, during the
time of their formation, wore channels for a succession of solutions
wshos2 effects are recorded in the réplaced rocks. Htmirous workers have
postulated a chamnaling of solution through such zones; Barrell (13),
in the Marysville District, Monteana, discusses the dependence of contact
metamorphism upon a temporary permeability of the affected rocks due to
a minute fracturing or parting-——cspecizlly in the harder rocks. In
carbonats rocks thse more extsnsive alterstion seems duz beth to a
groater depth of permeation and to & closer fracturing. He stales that
% eeresseBuch fracturing may be depandent in soms 'tay on the reactions
which take place with volume changes.......'; Soms such control of the
the of solution must be postulated in the Osgood Eountains; »
Another notabls featuras of the Osgood Mountains contact~replacemant
gones is the localizalion of the major shoots of tactits along resntrants
of linastone in the granodiocrite or in sharp angles of the sontact, 7This
relationship in which grancdiorite pertly surrounds the arsas of most
intenss and best-developad replacamont at first suggests the hypothesis
that material i1s added to the contact zone diractly from tha adjacent
imeous rock, and, the greater the contact with the source of aupply;
the larger is the roplaced zons, There is no evidence to indicate any
such direct écntribution from the adjacent magma, The tactite is not
tonad out frem the contect in eny regular fashion; there are no consistent
eross fractures leading sclutions through the sone to the outer rim of
Teactiony there is no evidance of feeding channels or compositional
variations in the grancdiorite next to the contact; and tha late phase
81licification of the granodicrite 1s working into the igneous rock from
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the contact insteaa of sho.,im, derlvauion from ths granodiorite 1’05»11' .

Tha lack of spociﬁc criteris for additlo':s direculy from the magma,

should not imply that no material was transferred in this manner to

the limestona contact zc;nfes. It is entirely conceivable thet early in

the consolidation of the granodiorite thaere was éirect f.ransi’er ol

 material, which combined to form somo of the early silicates such as |

wollastonite and possibly seme gamet. In fact, such an addition would

be & practical necessity in the case of pure limestone to initiate any

mccnétitu’cim end the consoquent production of porosity which‘is.

nscessary for the establishment of 2 chamnel. For the mosi part, howaver,

the limestonss are sufficlently impure for partia.l reconstituﬁcm to

occur without major addition. In eithor case, the limestone in re-

entrants is hsated from two or thme.sides with the consaquent more

rapid thermal matamorphisam and more profound reconstitutioen ';daich thus

. forn & larger, more continuous and preferred chamnel of porosity into

which residual solutions will be ‘drar:n; These channels are envisioned

as open systems with exdits at the uppor end and through-going emanations;
The assumption that these tactite channels are continuous in depth

15 based, in part at least, on fact. Ore at the Cranite Creck mine was

removed from onz cuch channel for & maximm distance af 300 feet down

the dip, and diamond drilling has determined that it extoends for at

least several hundred feet mom‘with undiminished size. At the Riley

mine, drilling proved that the relatively narrow shools of tactite localized

in the troughs produckd by angpular Jogs in the granodiorits contact ere

continuous down the pitch of such troughs for over 600 feet. So long as

the contact of granodiorite and limestone continuss, there is evory reason

_to expect the gone of replacement metamorphism to continue, and the structural

conditions at most of the Osgood Mountain localities give every reason



91

for project'.‘;.ng such contacis for many hundreds and possibly thousands
of feet.

| ¥ineralogic evidence for the hypothesis that the major tactits
faciss of the additive metamorphism results from the relatively long;-
continuad passage of solutions through definite channels is suggestive,
if not conclusive., The production of wollastonite is apparently early,
probably related to the early steges of intrusion and relatively high
temperatures., In fact, it is probably ene of tf:e earliewst minerals
formad, Part of it is formed through direct reconstitution of impure
lgyers in the limestons, but much of it is undoubtedly related to the
introluction of silica, Laboratory studiss by Bowsn (18) and oﬁhers
havs established soms of the facf.s sgbout the conditions of fomation~
ef wollastonite, In & dotailed study of the system dolomite-qt.artz,
Bowen found thet rsactions st ordinary pressures started when the
temparature reached only a few hundred degrees and that tremolite was
the first nsw mineral produced. In order &f rising temperaturss, the
following sarles of minsrals follow tremolita: forsterite, diopside,
periclase, wollestonite, monticellite, ckermanite; spurrits, merwinite,
end larnits., Increased prossure raises the temperatures of formation
rafhar ebruptly until 600 atmospheres are attained beyond which further
increase in pressura has but little effect. In this systom,wollastonits
forms under 1 atmosphers of pressursc at a temperaturs of about 650° C.
At a prossura of €00 stumosphcres the reaction t;kas place at $00° C,

It is notable thzat 211 the minsrals which prouceds wollestonite in the
sories arc magnesium boaring, The question 45 raisad as to whether
wollagtonite would be formad at the same temperature under the conditions
.‘utuinad at ths contacts in the Osgood Nountains where non-magnesium
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limestones ere affected., The other unknown factor, of courss, is the
pressure conditions at ths time of formation., Considering the kmom
factors, it seems roasonable to place the temperature of formation of
the wollastonite somewhere between 700 and 800 dsgrees C. Possibly
it should be placed lower, gince it is intimately associzted with
erystelline limostone that retains 4ts pigment,

The formation of garnet, which makes up the greatest bulk of the
dark-silicate mone, requires tho addition of iron, alumimm, end
silica to the lims’wne: Paragenetic relations indicate t.h‘at part of
the garnet resulis from t;he replacemsnt of the light-silicate minerals
as w21l as the calcite., At the Valley View mine smell areas of garnet
-grs found to be replacing the diopside hornfels of the light-pilicats
gone 4n such relationships as to indicat; that the introduction of
silica-rich solutions was the essential feature in the developrant of
tactite, A1l of the garnst is strongly birefringent and highly ;onad,
and, a5 such, probably formed bslow 800° C. The moning is noticesble
. nicrosco;lxically, not only under crosssd nicols, but in plane light by
pronounced color variation in gonal arrangement, (Ses pl. 22, A, B.)
Such color zoning suggests variation in composition which can best be
explained by variation in the compogition of ths matascmatizing solutions,
Uhether such variations in composition ef solutions can occur suddenly
or slovwly during a relatiwvely long passape of the additive medium 4s h
moot point, Also of intercst with regard to the relative time of
garnetization is ths association of the schealite‘with it. The scheelite
occurs prodominantly as emall grains enclosed within crystals of gamat;
which sugpests that ths two minarals were formed contemporansously,
8ulfides are, in part, enclosed in the same way, but more often occur
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botwsen the grains of garnat and ars associatod with later-interstitial
carbonate, The introduction of ore mirnsrals contomporancously with,
and also subsequently to, the garnst supports the idesa that solutlions
flowed for soma tims through the chamnels establishsed at limestonee
granodiorita contacts, |

Ths last phase of the metasomatising activity indicates continued
falling temperatures, and the final events in the solidification of an
intrusion, Secondary carbonate fills the remaining pore space in tha
tactite; late fracturss in the tactite are filled with sulfides, silica,
and scheclite & ong with quartz end carbonate, Some or all of these
lata minerals may represent redistribution of materiel deposited carlier
in ths seguence of ovents,

Ths silicification pheonomena along the contact betwsen tactite and
granodiorif-e ﬁresants a spscial problem as to localization and timing,
The facts about the silicification to be explained ars as followss its
localization only along the portions of the contact where tactite is

abundant, iis major developmsnt through replacement of ths granodiorite,
and the genaral abssnce of narrow silicified seams cross cutiting the
rotzzmorphic zones, It sasms probzble that a part of the silica was in-
troduced into tha granodiorite by the same solutions that producsd the
tactita, and, as such, rspresents the effect of these solutions. on a

rock of grancdioritic ccemposition, The quarts first completely rzplaces
the feldspar and then attecks the mafic consiituenis, Eany skalsetal
remaing of parzaaito and biotite atlest to the nearly camplots replacemend
rower of tha zilice-boaring solutions, ZEuhedral crystals of tit.anité,
apatite, ond zircon are scatiered through the quarté and ropreseat residual
Tinerals from tha @modiorita. Howsver, unusual corcentrations of snall

\
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crystals of sphens in the arsas of nearly destroyed mafic minérala
sugrest that thia grhens has formad from titanium originally contained
in tha composition of the saphibole or pyroxsne, At the Valley View
mins a special relationship adds weipght to the genstic ralationship
believed to exist botwesen the production of tactite and the mplaéement
of grmo:liorita by quartz, The sketch shom in figurs 2 fllustrates the
situation in which a narrow leucocratic dikelst from the granodiorits
cuts through three ty;i:a'of rocks grancdiorita, tactite, and diopside
hornfels, In ths granodiorite and in ths hornfels the dikelat 43 a
normal, laucocratie, fine-grained granodiorite. MHowsvar, in the main
tactits and alsof'vrheraver bordered by small discontinuous patches of
tactite in the hornfels, the dike becomss a quartz vein. The most
logical explanation of thsge relationships is that the dike was re-
piacad by later quartz introduced along openings adjacent to it and
cencornitantly that ths sams solutions devaiopad tactite in the adjacent
hornfels, The ralations described above ars strictly analogous to
those davaloped on a much larger scale at the Richmond, Riley, and
Cranite Creek mines where the main granodiorite is replaced by quartig
adjacent to the contact with tactite, OSuch phenomena as the extensive
rroduction of vugzy vein-quartz along the contact at the Richmond nins
ropresents a carry-over of silicification boyond the staga of tactite
formation, and its localization by fracturaes daveloped betwean tha
brittle taciito and the granodiorite., Should ths silicification bs
later than the final producticon of tactite, it is difficult to explain
ts locallzation along the tactitz-granodiorite contacts, which, in thair
final. conditlen, ars the dencest, most imparvicus portions of ths

parizhery of tha stock,
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Ths genoral sequencs of events in the developmant of the contact
metamorphism 1s beliewsd to be as followss 4intrusion of the stock into
country rock which, .’u'; all probability, was alrsady warmed; ths con=
ssquent thermal metemorphism of the argillites, quartzites, volcanics,
charts, and limestonesy the start of matasomatic replacement ia the ’
limestones with the production of light silicates end the establishment
of channels for emenations from the magmaj rsplacement of 1lizht silicates
md scae carbonates by the tactits and the psnsconlemporaneous re=
placement of ths solidified granocdiorite by quartz; lete introduction
of quartz along fractures, espzcially at the junction of tactite and
granodioritas, Whoreas the progress of thermal metamorphism is affected
by the advancing as well as declining tempsrature conditions attendant
cn intrusion, the metasomatic phase 1a, for the most part, rela‘.t-edfao
declining temperatures, starting from a maximm at the time of final

emplacenent of the magma.
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s blocky granodiorite below,
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D. GRANODIORITE SHOWING REPLACEMENT
BY QUARTZ.

MINE,
Shows development of lerge

garnets in calcite.
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A, CONTACT OF GRANODIORITE AND DIOPSIDE HORNFELS
AT THE VALIEY VIEW MINE,

Shows development of hornblende (black) between
granodiorite and diopside horafels (gray).
Aplite dike fades out into granodiorite, and
chows parrow selvage of amphibole on borders.
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B. INCLUSION OF DIOPSIDE HORNFELS IN GRANODIORITE.
Shows nearly oomplete conversion of hornfels

to amphibole with only a small area

of unreplaced hornfels in center (gray).

PLATE 17



PLATZ 18
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A, PHOTOLIICROGRAPH OF HORNFELS SHOYING INCIPIENT SPOTS,
Spots result from slight increase in grain size

and clearing of dark minerals from area of spot.
Plane light.
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Crossed nicols,
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ge clear spots with opague minerels in oore
ere essentislly areas cleared of the groundmess biotite).

that parallel the schistosity (cordierite porphyroblests);

A. PHOTOMICROGRAFPE OF BIOTITE~-CORDIERITE HORKFELS.

2. Large spots with cleared edges end lines of inclusions

1. Clusters of biotite (smsll dark areass)
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B, SAME AS A,
Crossed nicols,
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A. SAVE AS PLATE 19.
Higher magnification; plane light.

L AR ST SN AU, :
B.

PHOTOMICROGRAFPH OF SILICEQUS CORDIERITE

HORNFELS
SHOWING CONTORTION AND INTRODUCTICON OF

SILICA.

PLATE

20



Plane light.

“CONTACT WITE GRANODICRITE.

Note inclusions of biotite in cordierits.

PHOTC:ICRCGRAPH OF BIOTITE-CORDIERITE HOENFELS NEAR

A

R -

SAME AS A,

Crossed nicols,

B.
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PHOTOMICROGRAPH OF TACTITE SHGWIKG DEVELOFMENT OF

A.

ZONED GARNET.
Plene light.

SANE AS A,

Plane light.

B.
Higher magnification,
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PHOTOMICROGRAPH OF PORPEYROBLAST OF PARGASITE AT THE

A.

VALLEY VIEW MINE,
Developed in diopside hornfels at contact with

Shows clearing of biotite from

granodiorite.

Plane light,

surrounding area,

PHOTOMICROGRAFH OF BANDED METAVOLCANIC ROCK FROM

B.

ROCK GROUP E.
Plens light.
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PHOTCMICROGRAFH (F ZONED PLAGIOCLASE PORPHYROBLAST
IN HORNFELS AT CONTACT ZONE OF VALLEY VIEW MINE.

A,

Crossed nicols.

PHOTCMICROGRAPH SHOWING PLAGIOCLASE WITH CORROSICN

B.

BORDER AGAINST ORTHOCLASE.

Plagioclese white, orthoclase black.

Crossed nicols.



